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ABSTRACT 



Peter Mark Jansson, P J., P.E. 
HYDROCATALYSIS: A NEW ENERGY PARADIGM FOR THE 21st CENTURY 

May 1997 

Dr. John L.Schmalzel, P.E. - Thesis Advisor 
Graduate Engineering Department 

This thesis will review the problems of worldwide energy supply, describe the 
current technologies that meet the energy needs of our industrial societies, summarize the 
environmental impacts of those fuels and technologies and their mcreased use by a 
growing global and increasingly technical economy. This work will atec .describe aid 
Lance me technology being developed by BlackLight Power, Inc. [BLP], a scientific 
company located in Malvern, Pennsylvania. BLP's technology proports to offer 
commercially viable and useful heat generation via a previously unrecognized natural 
phenomenon -the catalytic reduction of the hydrogen atom toalower energy state. A 
review of this experimenter's laboratory data conducted as part of this research as well as 
that of others is provided to substantiate the fact that replication of the experimental 
conditions which are favorable to initiating and sustaining the new energy release process 
will generate controllable, reproducible, sustainable and commercially meaningful heaL 
By the end of the thesis the reader will have substantial information to draw a conclusion 
for themselves as to the potential of BLP technology to achieve commercialization and 
become a new energy paradigm for the next century. 
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MINI-ABSTRACT 



Peter Marie Jansson, P J 5 ., P.E. 
HYDROCATALYSIS: A NEW ENERGY PARADIGM FOR THE 21st CENTURY 

May 1997 

Dr. John L.Schmalzel, P.E. - Thesis Advisor 
Graduate Engineering Department 

This thesis reviews the technologies used worldwide to meet the energy needs of 
our industrial societies. This work also describes a new technology being developed by 
BlackLight Power, Inc. [BLP] of Malvern, Pennsylvania. Laboratory data of the author 
as well as that of other scientists substantiates that the new BLP energy release process 
generates sustainable, commercially meaningful heat 
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rcYT.pnrATA1.YSIS: 
A New Energy Paradigm for the 21st Century 



Introduction and Thesis Overview 



This thesis will review the problems of worldwide energy supply, describe the 
current technologies that meet the energy needs of our indus^ sc^ieties sununanze the 
environmental impacts of those fuels and technologies and their increased use by a 
gZSTgTobal and increasingly technical economy. After rev^™ both ^ renewable 
^nonrenewable options we have as a society, this work will describe and advance the 
ShSg^ing developed by BlackLight Power, Inc. [BLP], a science company 
o3 ifMalvL, PeJsylvania. BLP's technology proports to -™ c ^ 
Sle and useful heat generation via a previously unrecognized natoal phenomenon - the 
cytolytic reduction of hydrogen to a lower energy state. This reduction of hydrogen to 
ScS quantum energy levels is based upon a radical modification to the *™*<f 
jLgen atom energy equation developed by E. Schrodinger and W. Heisenberg m 1 926. 
Z. M Mills of BLP has proposed that a new boundary ^^^J™ 
Maxwell's equations, be applied to that fundamental hydrogen equation. Dr. Mills 
S then suggest a purely physical model of particles, atoms, molecules and 
olVrSl^smdogy^ mathematical solutions contain fundamental constants only and 
^ pSicted by his theoretical approach agree in a most compelhng way with 
observations scientists have made of the universe and stars. 

This source of energy is proported to comprise a significant portion of die radiant 
energy T^new form of hydrogen atomswi ft *eir elec^nsbelovv *e 

current "ground" state have been named "hydrinos" by the* <^ v ^ ^" 
Stists Wieve it is this matter that comprises the significant P^ofthed^ matter of 
space. It will not be the attempt of this engineering thesis to debate the merits ofDr. 
Ss' theory in this regard but rather to review and sometimes replicate the scientific 
calculation^ sand supporting data which indicate the merits of the existence of hydrmo^ 
This thesis will alsoWview this experimenter' s laboratory data as well as ftat of pothers 
that substantiates the fact that replication of the experimental conditions vvruchare 
favorable to initiating and sustaining the new disproportionate P^cesswdl generate 
controUable, reproducible, sustainable and commercially meaningful heat It wW 
describe the technologies currently used in the disproportion^ reaction, report on the 
state-of-the-art for the BLP technology and state the author's opinion as to this 
technology's potential for successfully addressing [or solving] some of the global energy 
issues above, [environmental degradation from growing energy use, limits to energy 
supply at forecasted growth rates, etc.] 



. ,_ . .„ Peter Mark Jansson, P.P..P.E. 

Master of Science m Engineering Thesis Page 3 of 73 

Rowan University 

use coal for heating as well as wind and water power for grinding grains [26,000 kcal daily 
per capita - 30.2 kWh]. During the Industrial age of the 19th century we added the steam 
engine as a source of mechanical energy and increased the use of fuel energy in homes for 
li jmting and heating [77,000 kcal daily per capita - 89.3 kWh]. Modem technological 
society uses the internal combustion engine for transportation, electricity for appliances and 
comfort which find their energy source in fossil, hydro and nuclear fueb wtaA power 
steam turbines, furnaces and generators [230,000 kcal daily per capita - 266.8 kWh daily 
ner capital pl This trend indicates that as we improve the quality of life for society a 
coirunensurate increase in direct and indirect energy use is requisite. Worldenergy and 
economic statistics today also demonstrate that there is a direct correlation between a 
nation's gross national product [GNP] and its energy consumption. The countries of 
Eutpia, Mali, Malawi and Niger all have GNPs less than $250 per capjta whde energy use 
is less than 0.4 barrels of oil per capita per year [680 kWh/yeaJ In «^^J^L 
Norway Canada and Sweden are leading economic nations with over $10 000 of GNP per 
S^^mexc^of40barrek6foapercapitaperye^ Thisone 
_ nldredfold increase in energy use is not a coincidence. ^^SS^S^ 
evolution of society from a primitive [2.3 kWh] to technological [266.8 kWh] level of 
advancement and is illustrative of the critical role energy plays m increasing societal 
maturity, quality of life and productivity. 

The sections which follow illustrate the fuels, technologies and methods used 
around the world to sustain this societal evolution and summarize limits on these elements 
which must be addressed in order to avoid major problems as the now developing nations 
rwhere over 3/4 of the world's population resides] strive to achieve western standards of 
living through industrialization. Table 1.1 below summarizes the current levels of energy 
use in the world and U.S. as of 1995. 



TABLE 1.1 - 1995 Energy Use by Fuel Type 

(in trillions of kilowatthours) 



Energy Source 

Fossil Fuels Natural Gas 
Petroleum 
Coal 

Nuclear Fission 
Solar HydroBectric 

TOTAL 



World 


U.S. 


US. % of World 


22.7 


6.6 


29.2 % 


39.5 


10.1 


25.5% 


26.8 


6.1 


22.9% 


7.1 


2.2 


30.3% 


2.5 


0.3 


10.6% 


98.8 


25.3 


25.6% 
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It is important to note that only commercially traded fuels are included in the summary data. 
The overview provided in Chapter 1 of this thesis presents the energy sources in an order 
prioritized by the contributions these sources make to industrialized society today. 



Chapter 1 - Alternate Technology Overview 

Prior to the announcement of the hydrocatalysis process being put forth by 
BlackLight Power there were fundamentally only five known sources of energy. In 
addition to the most commonly exploited, fossil fuels, there are nuclear [both fission 
fusion], solar [in its many forms], geothermal and tidal.' 41 Table 1 .2 below briefly 
summarizes the major energy sources available in our society. 



TABLE 1.2 - Energy Sources and Technologies 



Energy Source 
Fossil Fuels 

Nuclear [Fission] 

Nuclear [Fusion] 
Solar 



Geothermal 



Tidal 

Hydrocatalysis 



Fuel Type 

Natural Gas 
Petroleum 
Coal 
Shale OS 
Tar Sands 
Uranium 

Plutonium 
Hydrogen 
Solar Thermal 



Photovoltaic 
Biomass 

Hydroelectric 

Wind Power 

Ocean Waves 

Ocean Thermal 

Geopressured 

Hot Dry Reck formations 

Hot Water Res. 

Normal Grad. Res. 

Natural Steam 

Molten Magma 

Potential Energy of 

Earth-Moon-Sun gravity 

Binding Energy of Hydrogen 

Atom Ip* toe* relationship) 



Technologies in Use 

Heaters, Furnaces, BoBers, etc ' 
Heaters, Furnaces, Boilers, eta 
Heaters. Furnaces, BoBers, etc. 
Processing tadfity yields petroteum 
Processing tacifity yields petroleum 
PWR creates steam / electricity 
BWR creates steam / electricity 
Breeder technology - LMFBR 
No Technology Exists as of Yet 
Passive & Active Water Htg. Sy stems 
Passive & Active Space Htg. Systems 
Power TowerfParabofic Dishes / Troughs 
Amorphous Cefts 

Crystai&ne Cells [single, mutti, etc.] 
Wood, Seaweed, algae, etc. 
Agricultural Crops (alcohol, waste, etc.] 
Municipal Solid Waste (paper primarily] 
Reservoirs, dams, water wheels, 
generators, pumped storage 
Wind Mills. Saifing. Turbines [VA/HA] 
Pilot Systems - Cc*npressor/Generator 
OTEC Design [1930, 1975) 
Heaters, Turbine/generators 
Heaters, Turbrne/generators 
Water and Space Htg. Systems 
Heaters, Turbine/generators 
Heaters, Turbine/generators 
No Technology Exists as of Yet* 
Reservoirs, dams, generators 

Dtsprccoroonation Furnace 
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For each energy source the types of fuels used and the technologies in use today which 
convert those fuels into useful work and energy for humans is highlighted. 



1.1 Fossil Fuels 

In the United States fossil fuels provide 89.2% of the energy we consume. In 1995 
this consisted of a combined consumption of coal equivalent to 787 million tons ; pa -year, 
natural gas of about 22 trillion cubic feet per year and petroleum product use of 5.9 bdhon 
barrels oer year. 151 It is clear that an industrial society like ours could not continue without 
these resources. Globally in 1995 our societies consumed 3441 million tons per year of 
coal 75 trillion cubic feet per year of natural gas and 23.3 billion barrels per year of 
petroleum. 15 * The U.S. was the leader in the global use of fossil ruels sr^ific^ly . 
petroleum] from the very beginning of its industrialization with the oil stnke of^wmL 
See in Titusville, Pennsylvania in 1859. "By 1909, when the industry was just 50 years 
old, the United States was producing 500,000 barrels a day, which was more ^was 
prokuced by all the other countries combined.^ ^^^^^^^^ 
production and manufacturing markets through 1950 when we ^ produced over 50% of 
the world's supply. The key reactions for each of the fundamental fossil fuel types are 
shown below in Table 1.3. 



TABLE 1.3 - Energy Release Processes for Fossil Fuels 



Fossil Fuel Type 

Natural Gas 
85% Methane[CHJ 
15%Ethane{C 2 H 6 l 

Bottled Gas 

Propane [CaHal 
Butane IC 4 H«J 

Petroleum 
Gasoline 
PertenefCjHiJ 
Hexane [Ct-HiJ 
HeptanetCrHtt] 
Octane [CaH 18 ] 

Coal 

contains carbon plus 
impurities 



Chemical Reactions] 

CH4 + 2O2 -> C0 2 + 2(H 2 0) 



2C3H 8 + 90a -> 4CO z + 2CO 
+ 8(^0) 



d,H 18 +120 2 -> 7C02 + CO 
+ 9(H 2 0) 



C + Oj -> co 2 + CO 

S +Oa-> S0 2 [plus SO,] 

N + 0 2 -> N0 2 t plus NO, NO s , NOJ 



By- Products 

CO a , CO, water, hydrocarbons 
and heat [exothermic reaction] 



C0 2 ,CO. water, hydrocarbons 
and heat (exefrermic reaction] 



COj ,CO, water, hydrocarbons 
and heat [exotriermic reaction] 



C0 2 ,CO. SO2 , NO* water, 
hydrocarbons, SO x , NO, 
particulates, etc. and heat 
[exothermic reaction] 
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It is important to note at this point that all fossil fuels release their energy to man through 
the chemical reduction process known as oxidation. In this reaction the energy that has 
been stored in carbon and hydrocarbon chains created during the early history of the earth 
[250-500 million years ago] is released. In this chemical reaction oxygen combines with the 
carbon fuel in the presence of heat to release additional heat and form water, carbon-dioxide 
as well as a host of other hydrocarbons and by-products. 

The impact on the environment of the use of the stored chemical energy provided in 
fossil fuels is significant "One example is the added burden of carbon dioxide in the 
earth's atmosphere, with its corresponding potential for modifying the world's climate. 
Other examples . . . include the acidification of the atmosphere and surface waters, . . . early 
deaths of thousands by sulfur dioxide in the air, . . . ozone formation, . . . problems of coal 
mining, ... acid drainage, . . . carbon monoxide and other pollutants from auto traffic, . . . 
thermal pollution of rivers and lakes". 171 We must add to those impacts the environmental 
degradation to the air, water and soil that is caused by the release of large quantities of these 
direct pollutants and the other heavy metals and radioactive elements stored by nature in 
these fuels [lead, mercury, etc.] It was not until the burning of fossil fuels during the 19th 
century that the element lead began being deposited in regions as remote as the arctic and 
continent of Antarctica. Many scientists believe that the acidification and resulting "deaths" 
of many high altitude lakes have been caused by the release of the pollutants generated by 
fossil fuel combustion [by industry, homes and in automobiles]. The increased sulfur 
dioxides and nitrogen oxides generated by industrialization are present in the atmosphere 
and lead to "the formation of acids, primarily H 2 S0 4 and HN0 3 , from these pollutants and 
the resulting damage caused by the acidic rain formed is a story of growing importance." 
Presently the latest environmental alarm sounded has been that of global warming, a 
proported wanning crisis attributable to a significant increase in the presence of so-called 
greenhouse gases. The earth's surface radiates thermal energy in the infrared region 
[approximate wavelengths of 4 to 20 urn] which keeps the global environment cooling at a 
steady rate. Carbon dioxide [COJ, methane [CHJ and nitrous oxide [N 2 0] represent 
molecules formed by the use and manufacture of fossil fuels which trap heat atthe above 
wavelengths, heat that would otherwise be radiated from the earth into space. "Carbon 
dioxide now'accounts for about two-thirds of the greenhouse effect, methane about 25% 
191 These environmental impacts caused by growing fossil fuel use are forcing many nations 
to rethink the role these fuels will play in the future. 

The limited amount of fossil fuel resources poses a second major risk to continued 
expansion of the global economy. At present rates of consumption these fuels only have a 
limited reniaining supply, on the order of decades for a few of them to less than a century m 
the case of coaL [See Table 1.4] In order to meet the needs of our increasingly advancing 
and growing societies we must find alternatives. Additionally we must preserve some of 
these fuels since they also serve as key chemical stores in many critical maniifacturing and 
medicine roles in industrial society. If we conservatively grow the current rates of fossil 
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fuel consumption for the energy sector to include the demands that will likely be placed on 
the finite supply by the developing nations as the globalization megatrend continues we find 
that the lifetimes are much shorter still. 



TABLE 1.4 - Fossil Fuel Reserves and Resource Lifetimes 



Fossil Fuel Type 



Proven Reserves* 



Est Remaining Lifetime* 1 



Oil 



Global 
U.S. 



999x10 9 bbl 
72x10 9 bbl 



40 years 
16 years 4 



Natural Gas 

Global 
U.S. 



5185x10" ft 3 
600x10 12 tt 3 



60 years 
20 years 



Coal 



Global 
U.S. 



7.64 x10 12 tonne 
1.5 x10 12 tonne 



200 years 

86 years, 66 years* 



* Remaining as of 1990 

- At current consumption rates 

— Since 1948 the U.S. has 
—** At current consumption 



oa than a has exported, hi 1984 the U.S. was 
by 5% per year, if coal fiBs all U.S. energy needs 



50% of its 
when other fuels 



' As the limits to the fuel reserves in Table 1 A are approached the price of energy will 
begin to climb steadily. It is important to note that one of the key drivers to economic 
expansion is the readily available supply of affordable energy. Already we see a migration 
of industry in this country moving from the high-energy cost areas [Northeast and 
California] to the more inexpensive energy cost areas of the Northwest and Southern states. 
Many industries which were energy intensive have left the service area of Atlantic Energy 
[southern New Jersey] to move south over the past decade to North Carolina or another 
lower energy cost state for r*imarily energy reasons. [NOTE: economics has played the 
major role in corporate decisions to relocate from Atlantic Energy's region including costs 
associated with energy, taxes, employment and environmental compliance] We can 
estimate that on a global scale the trend will be the same, manufacturing [and the associated 
benefits of its economic engine] will move to where energy, overall manufacturing and 
labor costs can keep the company competitive. As industry and manufacturing leave the 
Tj.s. for less developed nations the commensurate growth in energy demand and desire for a 
higher standard of living on the part of those nations' workforces will all press the global 
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energy reserves via higher growth rates in consumption. Examples of this include the 
nations of Indonesia, Malaysia, Thailand and Vietnam where the annual growth in 
electricity demand has become double digit during the last 1 0 years. Were the nations of 
the developing world [China, India, Southeast Asia, Africa] to develop an energy appetite 
just a fraction as great as their technologically advanced sister countries [U.S., Canada, 
Japan, Norway, Sweden] the pressure on the limited global reserves and the strain on the 
atmosphere would become severe. 

This researcher estimates that the values in Table 1 .4 for the expected remaining 
lifetime of global fossil fuel reserves can be reduced by as much as a factor of 2 if the tend 
in third world energy development follows the forecasts outlined by the World Bank. As 
these pressures on conventional fuels drive price upward shale oil and tar sand reserves as 
W eU as many enhanced oil recovery technologies will become more economic. 

An excellent illustration of the demands placed on energy by a developing, 
industrializing society is illustrated by the following two figures. Figure 1.1 demonstrates 
the relationship between energy consumption and economic activity based upon figures 
developed in a Scientific American article in \97l. m Figure 12 develops sutular data on 
per capita gross national product vs. annual energy consumption based upon World BanK 
data in 1987 ,u| If one observes the nation of Japan on both figures and considers the 
position it had in the global economy in the early 1970s contrasting it with the economic 
powerhouse it was becoming by the late 1 980s we can see the increase in energy demand 
mat was placed upon the global energy market in order to sustain that one country s 
economic advancement Japan's population in 1961 was 89.2 million 1 
119 5 million in 1983. ,U| In 1971 Japan's populus consumed approximately 33 x 10 Btus 
per capita [9,669 kWh] annually. In the short 16 years of their continued econom^cgrowto 
between 1971 and 1987 their energy use per capita grew to 22 barrels of oil [37,400 kWh] 
annually. This represents a 4 fold increase in per capita consumption and a 5 Mi increase 
in overall national energy consumption [based upon a 1971 populanon and 8 1987 

population of 125M]. This energy growth correlates directly with their GOT growth from 
«50 US f 19711 to $12,000 US [1987] and the extensive industrialization of their economy. 
Wsenergy consumption l^iwc^^^^icort^lo 
grow their population remains steady at 125M . Were a single, large developing nation 
such 'as India [population 936M in 1995] to undertake an economic expansion similar to 
Japan the impact on global fossil fuel markets would be substantial. India s per «P««. 
enSgy consumption in 1995 was 2,563 kWh annually, were they to reach Japan s per capita 
eS ^ it would represent a 1 7 fold increase in their energy use. By 2020 they would 
become a nation that consumes 5.7 x 10 u kWh annually [assumes continued current 
population growth rate and acheivement of Japan's level of industriauzaton and 
commensurate per capita energy usage] . India' s one year energy use in that year would 
represent 64% of the entire World's energy consumption in 1995 [see Table 1.1]. At those 
usage rates that one nation alone could consume the entire world's remaining supply of oil 
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in less than 30 years. In aggregate, the developed nations' growing energy consumption 
rates combined with their continued population growth will substantially reduce the 
estimates of fossil fuels' expected remaining lifetimes from those shown in Table 1.4. 
"There is no escaping the reality. . . fossil fuels are formed over very long time periods, and 
although some new deposits will certainly be discovered, mere will be no significant 
increases in the world inventory over human history. .. the era in which we live is 
extraordinarily specialized and is set off from all human history and future on this planet by 
our use of fossil fuels. These energy resources were laid down over hundreds of rmlhons of 
years during the earth's evolution, and they are now being consumed in what is essentially 
an instant in our occupation of the planet" 1 " 1 Without the discovery and development of an 
environmentally friendly, inexpensive energy source to significantly offset the cor^Uon 
of these ancient energy reserves, we will enter the new millennium only to quickly find that 
the standard of living developed by western civilization is not a sustainable one. 

FIGURE 1.1 

Retettonshtp between energy consumption 
end economic actWHy. 

(Based on an original in Scientific American. Vol. 224. No. 3 (1971) 
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FIGURE 1.2 Per Capita GNP vs. Per Capita Energy Consumption 
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Figure 1-15 Per capita gross national product in 1985 dollars and per capita energy 
consumption per year in terms of the equivalent barrels of oil. (Source: World Bank 
[1987]. Adapted from E. S. Cassedy and P. Z. Grossman Introduction to Energy, re- 
sources technology and society. Cambridge: Cambridge University Press [1990].) 
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12 Nuclear Energy - FissioD and Fusion 

While the fissionability of uranium was first discovered in 1938 it was not until 
ErxricoFeinriconstructedasustainable nuclear^ 
SLology for energy production was truly demonstrated. In a parallel ™Y 
chemical [electrode] bonds between carbon atoms are broken down through chemical 
conSon with oxygen, the breaking of nuclear bonds via a &™*on is caused by 
bombardment of a radioactive uranium atom's nucleus with neutrons. Ttas - 

\Zhr, m i ,mnn successful collision, causes the nucleus of the uranium atom [ 1J] to 
K^meSy^i^^-atomH. Ms atom rapidUy separates [or fissions] mto 
^"iSoSt-nucleiasaresult Tins ismo* ^^^S^SS^ 
bdow The energy released via this nuclear reacnon is equal to Einstem s fimoi* equation 
E = mc To nutL in perspective, me energy available withm a ton of coal * 
ierScaUrre^thro^mbustion P e; breaking down aU of 7056 

energy available is 22.7 trillioakWh, this is 3 2 billion times more energy. 

FIGURE 1.3 Neutron Induced Fission of "'U 



Krypton 





Barium 



This process of working on the nuclear bonds ofthe atom, rather than thechemica^ bonds of 
nSe^leases a sipuficant amount of the nuclear binding energy wrthm the atom. 

susSble chain reaction is the creation of additional neutrons [see 
fesion reactionmTable 1.5] trem me fission reason wtich^ 
additional uranium nuclei to keep the bombardment occurnng without 
input Control rods used in commercial nuclear power plants provide a moderating effect 
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on the reaction by absorbing excess neutrons in order to slow or to bring the reaction to a 
stop The process outlined above is used in both pressurized water reactors [PWR] used 
significantly in nuclear submarines and power plants as weU as in boiling water reactors 
[BWR] used widely for commercial applications. 



TABLE 1.5 - Energy Release Processes for Nuclear Fuels 



Nuclear Process Nuclear Chain Reactionls] Energy Release 

Fission n ♦ *U 14S -> -» * + 3n + 177 

Breeder n + ffl U -> -^Np -> 259 Pu + >1n + 177MeV 

Fusion U+U -» *H, +P* + v + energy (1) 

% ♦ *Hi -> ^e, + energy (2) 
'He, + a He, -> 4 He» +2% + energy (3) 
4 1 Ho -> 4 He 2 + 2p*+2v + energy 



Detailed descriptions of the nuclear energy process is not within the scope of this 
research but rather an overview of these technologies and their associated economic and 
environmental risks are described below. 

The breeder reactor is a concept not yet fully commercialized which takes advantage 
of the fact that free neutrons are not only capable of taducingfission via a 
a5 U to »«U, but are also as equally capable of converting a atom into T»u. This is 
very valuable since B, Pu is also a fissionable material capable of acting as a ftdm standard 
nudear reactors. If the design of a breeder reactor could be optmuzed to create additional 
"hi while also creating uranium fission it would be a reactor that created rts own fuel and 
would significantly increase the lifetime of nuclear fuel materials. 

Fusion is a nuclear reaction that occurs commonly on the stars and in the case of our 
sun is likely the source of approximately 60% of the energy itprovides. Thisesttrnateis 

upon observed solar neutrino flux as measured by the GaUex solar »° d^ector 
inltaly™ As shown in Table 1 .5 above according to the Standard Solar Model fusion 
begJwimthecombiningof two hydrogen nuclei (protons) to form £ ^n. 
Tteprocess then continues to build a heavier helium nucleus all the while releasing krge 
amounts of the nuclear binding forces within the atom. For a more comp ete explanation of 
this process the reader is referred to pages 108-111 of "Ene rgyandProbtonsofa 
Technical Society" m , which is an excellent summary of energy technology information 
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1997 "many say prematurely ... for lack of money". 

In the U S during the last decade no new nuclear power facilities ^haye been opened, 

^71 6 below indicates the lifetimes of radioactive matenals generated as by-products 
from the nuclear industry. 

TABLE 1.6 - Nuclear Fission By-Products Radioactive Halflives™ 



Radionuclide 

233 U luraniun>232] 
^Pu lplutoniun>239] 
3 H 2 [hydrogen-3, tritium] 
^Sr [strontium-90] 
131 | podine-131] 
137 CS tcesium-137] 
^Kf lkrypton-85] 



T 1/2 [Halflife] 

1.59 x10 9 years 
2.41 x 10 4 years 
12.35 years 
29 years 
8.04 days 
30.17 years 
10.72 years 



Decay Particle 



P 
P 
P 
P 
P 
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It is clear that wastes from the nuclear industry will need to kept away from the human 
population and environment for excessive lengths of time [often exceeding many 
generations]. Although this was known in the early years of this technology, as of today, 
after over 20 years as an active industry, the government and utilities have yet to find an 
acceptable long-term high level waste repository. It is unlikely that the nuclear industry in 
the U.S. will see any significant expansion during the next few decades. In Sweden 
recently the government ratified its 17 year old promise to remove all nuclear reactors from 
service in its country by 2010. The first two reactors will be officially removed from 
service in 1998 and 2001 "before their technical life expires". 1191 This leaves only France, 
Japan and a few developing nations that will be expanding their commitments to nuclear 
fission as a viable energy source for the future. 

13 Solar Energy 

Without a doubt the most widespread form of energy in the universe is the energy 
radiated from the stars. Specifically in our solar system, the Sun is the source of nearly all 
forms of useful energy. From the fossil fuels first formed by carbon fixing organisms 
[plants and animals] in the presence of solar energy 250-500 million years ago to the 
hydroelectric plants operating on major rivers, the Sun is responsible for creating the 
potential energy each represents. This section will briefly summarize all of the primary 
forms of solar energy and prioritize their discussion from the most economical and 
technologically ready to the forms that are the least economical and require the most 
additional development It is important to note that although significant attention is given 
to these sources of energy because of their potential for the future, at the present time solar 
energy in all of its forms represents less than 3% of the World's commerciaUy traded forms 
of useful energy. Of that small fraction over 90% represents the use of solar energy in the 
form of hydropower. 

The most developed form of solar energy is hydroelectricity . The hydrologic cycle 
driven by the sun evaporates over 5.5 quadrillion cubic feet of water from the earth every 
year This same energy falls back to the earth in the form of rain and the potential energy of 
water at higher elevations. Of the more than 100 quadrillion kilowatthours of energy in the 
hydrologic cycle only a very small portion is barnessable. Most precipitation Ms back into 
the oceans with only a fractional amount falling upon dry land at higher elevations where its 
potential energy becomes available for exploitation via rivers, dams, waterwheels and 
hydroelectric generating facilities. World energy usage statistics indicate that in 1995 we 
were providing approximately 2.3 trillion kUowatthours 1201 of our global society's energy 
needs through hydroelectric sources. This represents approximately 2.5% of all energy 
consumed. Man's use of falling water to displace human and animal energy dates back 
over 2000 years. Hydropower also played a major role in the industrialization of western 
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Euroe the 16th century when waterwheels served as the primary powerhouses. While 

^y betve ^Sal for exploiting more hydropower is great 

cSauons and social concerns that make extensive expans.on unl^ly, Due ^ the need 

hydropower remains an economic source of electricity. 

supply more than 10 percent of «J£*S^Ktvd. of efficient and service 
commercially traded on the global level. ™*™P"* mdirect l y via man's or animal's 

LKHTT 

6C02 + 6H 2 0 > C^nOfi + 60 2 

commercial development. 

Another widely experienced form of solar energy is the direct heating of thesun 
Anomer wioeiy t~ F „_ ^My technological systems we have created 
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available from the sun. Many societies still use the sun for drying grains [such as rice] as a 
critical step in their agricultural process. In the U.S. the most prevalent form of solar 
thermal energy use is in passive and active heating systems for homes as well as heating 
systems for hot water. During the late 1970s and early 1980s the Federal government 
provided significant tax incentives for renewable energy systems. This led to many 
domestic solar hot water heating systems being installed throughout the country. These 
systems typically consist of a solar collector device that traps incoming short wavelength 
incident solar radiation and upon collision with a dark, metallic 'absorber plate toe light 
energy is converted directly to heat [or mechanical molecular vibrational energy] in the 
absorber plate. This collector is typically called a flat-plate solar collector. The absorber 
plate typically has an antifreeze solution which runs through it [i.e. it acts as a heat 
Lhanger to move the incoming solar energy it absorbs into the fluid] and this fluid is used 
to capture, move and store the solar energy for use either in a hot water system or for 
heating a home or building. Another example of solar thermal energy systems is the 
focusing collector which comes in various shapes, sizes and configurations. From the 
Solar One power tower demonstration in Barstow, California which had a commercial 
production of 1 0 megawatts, to modular, parabolic dish and trough ^^l^that collect 
watts to kilowatts of power, directly focusing the sun's energy on a hght-absorbmg surface 
ITc^ commercial meaningful heat The drawbacks with all of these 
they were never economically attractive. Most solar thermal heating systems have between 
a 15 and 30 year simple economic payback. Without significant social policy change or 
government subsidy these types of heating and energy production systems will not be 
commercially si gnif ic ant 

Another solar resource is wind power. In 1995 it was estimated that geothermal, 
wind and solar of all types accounted for nearly 5% of the world's primary electricity 
generation [ie; 0.5% of the world's total energy resources]. This resourcewas i used from 
L most ancient of times by mariners in their quest for increasing the speed of ti^r *en 
human powered vessels to the applications of water pumping and gram gnndmg by ammals 
m Europe and America in the 19th and 20th centuries. Wind power is still used m many 
locationTthroughout the world for these purposes. As an electricity genemhng source wind 
£wer first begS to find its way into the maricetplace in the 1970s and 1980s mboth 
Europe and the U.S. While we know that the mechanical motion of air is a direct 
oWence of solar heating of the planet it has always been a challenge toeconomicaUy 
rxSthe energy in this air movement Modem wind turbine, ^J^^SS 
kinetic energy in the wind and use that energy to turn a generator to provide electricity. 
S do tSy placing their aerodynamically efficient blades into the wmd to enable the 
mechanical force of the wind to cause those blades to rotate and sweep over a large area. 
Present technologies include vertical axis wind turbines as well as horizontal ax* wmd 

manufacturing is dominated by the latter at the present The energy that can be 
removed by a wind turbine is proportional to the area its blades sweq, out as "eUas the 
cube of the wind velocity. For mis reason most turbines are mounted on towers to place 
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them more aloft where higher wind regimes are present In areas of moderate to high 
annual wind speed, wind turbine generators are able to create electricity at approximately 
$ 05 per kWh assuming a 20 year equipment life. It is difficult to find areas where local 
citizens are willing to allow wind facilities to be located at the present time and it is also 
increasingly difficult to find investors willing to tie up their capital for a project that 
produces eLricity at a higher cost than where the electricity market is at present [i.e. $.02- 
03perkWh]. 

A widely acclaimed technology that showed promise in the 1980s of bxoming a 
majorplayerinme solution to the energy crisis is photovoltaics Tliese are s^conductor 
nide of materials that are designed and oriented in such a w^y as to convert light 

^[photonsjdire^ymtoelec^^ PV *™ < f\ be °* . _ 

dSpScoJercially employ similar physics in their operation, ^ephotovohaic eff^t 
kaeiSwben incoming photons interact with electrons in a semiconductor material so as 
to^a^ge caSair, an electron and a "hole". Each PV device is constructed Iwfr 
£Sy Segativelydoped layers so as to maximize theceU's ability to separate the 
SrcSSkeepthem^r^ so asto induce a voltage aaossfte cell tongas 
mXSTught is present to induce this voltage. The photovoltaic effect w*s first 

Hyearold French physicist Edmund Becquerel m the 1850s when he was 
experimenting with batteries. He noticed that Ws r^es were aWe to^de 
^STmore energy in the presence of light than when shaded in the darkness. He 

nlTourrSut it wa^unfil Albert Einstein's work in 1 905 that the = les 
Sdme photilectric effect were described scientifically. Tto ^hnology s r^tial 
LTv dormant for another 50 years until the space race began. After Russian scientists 
K^umTin 1957 and the U.S. had fallen behind in the race they wanted to assure 
^Ktelute would 'last longa'. As a result in 1 958 the d s^hte^s 

launched by thelLS. powered with not orJy a 1^, but a re^ed on-Wl by 
uTworld's first commercial application of photovoltaic ^Sputmk lost «s tedery 
energy and floated useless in space after only a few months] Those <*Us, costmg over 
$1000 per watt kept the Vanguard satelite's batteries charged for years of successful 
operatioiL 

Since that time the cost of photovoltaic [called PV] cells continued to plummet 
driven by advances in technology, increased rnanufacturing volume and tocreasing , demand 
for satellite applications, remote power applications as well as commercial electricity uses. 
Fieure 1 4 shows the progressive decline in PV cell prices as advances m technology 
continued through the 1980s. By the late 1980s as Federal research monies for renewables 
decreased during the Republican Administration, the commensurate mvestment in and 
S^eT?PV technology subsided. Current pricing for P V cells has not substantially 
changed from those present in 1989 
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FIGURE 1.4 Photovoltaic Module Prices 
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In addition to the photovoltaic modules that are made up of cells configured to 
provide adequate current and voltage, a PV system requires baknce of ^tem ^onents. 
These components are module mounting and wiring peripherals, a DC to AC mverter for 
typical interface with home wiring and the installation [roof or ground mount, ^] 
Stire system In 1996 these were estimated to cost $2 per watt, $1 per watt /f^the mverter 
^ll^tt for balance of system hardware and mstaUationJJis wo^brmgato^l 
pVsystem's cost to $6-7 per watt installed. To put this in perspective, a typical home could 
use a 4kW system which cost $24,000 to install. This system would provide approximately 
SSSrs of useful energy each year at present electricty rates thts $750peryear 
slvmgs represents a simple payback of 32 years. Near term growth in economic expansion 
ofthePV market for utility connected customers appears unlikely Market research 
conducted by the author and his colleague indicate that until installed PV^ces reach $0.6- 
1 3 per watTno major changes in the demand for PV by the gnd^onnectedmarket is 
uW^There are manydfflerent types of PV cells that have been attempted from smgle 
cryskline to multi crystalline to amorphous cells. In the last five years «^J™ 
additional improvements to the technologies have been made leading to a flattening of the 
price curve at $4 per watt since 1990 [see Figure 1.4]. 

Probably the forms of solar energy with the least potential for future development 
and expansion are ocean thermal and wave power. Tne ocean is a source ^ ***** 
Sergyofmany types. It is probably the vast dihydrogen oxide resource of the ocean that 
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keeps the temperature, environment and atmosphere of the planet moderated and suitable 
for human life. In that same environment thermal gradients and atmospheric disturbances 
cause currents, waves and temperature differences around the world. Ocean Thermal 
Energy Conversion [OTEC], is a technology that was conceived of in 1880 by d Arsonval. 
OTEC takes advantage of the thermal gradient which exists m the sea and is especially 
pronounced around the tropical regions where surface water temperatures can get very high. 
This approach to energy generation uses ammonia as a working fluid. This fluid runs an 
evaporator-condensor cycle where cold water from deep in the ocean condenses the 
ammonia vapor while warm water on the ocean surface is used as a heat source to _bo.l the 
ammonia togive it the vapor pressure needed to drive a gas turbme. Theg^turbmemton 
drives an electric generator. In 1930 the first demonstration plant was constructed m Cuba 
since that time no additional plants or demonstrations have been constructed^ The iriands in 
the tropic zones may have potential for this technology at some point in the future but 
presenuy the technology is very expensive which has limited its development Wave 
Lergy systems are not commercially available at the preser^ but it is beueved ftattoe 
diffeTence in wave heights may be commercially exploited at some point m the future. 
Ocean currents may provide a significant potential source of energy as well but no 
com^SechnoloSs currently exist to harness it effectively Sirrularfy to OTEQocean 
current systems will be further hindered by the fact that where the energy source is located 
is often far from where the demand for energy exists. 



1.4 Geothermal Energy 

If you have ever sat or swam in a natural hot spring you are familiar with one of the 
benefits of Nature's outpourings of geothermal heat While less dramatic ifcan the .volcano* 
or geysers, low temperature geothermal sources make up a significant portion of the global 
geothermal resource. The most widely used type of geothermal resource for energy 
generation is the natural steam reservoirs. By 1990 the U.S. was generating over 2800 
MW at 4 to 6 cents per kWh" 114 ' from these reservoirs in the western states. While the 
U S potential for geothermal is estimated at 22,675 QBtu [this compares with an annual 
U S energy use of 82 QBtu] there has been little additional exploitation of these reserves 
since the removal of Federal tax subsidies in the 1980s. The most economical and 

expanding market for geothermal energy applications exist in the residential and 

commercial sectors. Geothermal heating and cooling systems use the earth as a heat source 
and sink with an electric heat pump to move heat into or out of the conditioned space. 
Geothermal heatpumps move 3-4 kWh of energy for every one kWh of energy they 
consume. This technology was perfected in Sweden and is seeing extensive application in 
the U.S. and other industrialized countries. In many applications it represents the least 
costly beating and cooling system on an annual energy as well as operation and 
maintenance cost basis. The use of geothermal energy in these applications is likely to 
expand. 
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1.5 Tidal Energy 

There are presently no commercial tidal facilities in the United States and only three 
tidal power systems in the world. These facilities operate on principles that are verysinnlar 
to those of hydroelectric stations. They require a reservior a dam and a series 
generators. In the case of tidal systems they are capturing the kinetic energy that exjsts m 
L movement of tidal waters into and out of an estuary or man-made r^or four ttmes 
each day. The energy is being created by the gravitational interaction of the SuMie Moon 
and the Earth which causes this motion in the seas daily. In the lower 48 contmentiU U 3. 
Jte tidal variations range from 2 to 16 feet between mean high and mean low waters^ In the 
S S mT^tial for tilal power represents less than 1 5,000 MW. Tte glo^ r-tenUal for 
me most favorable tidal power sites is about 63,000 MW, or about l/50th the world s 
pTtSLhyd^lectriVpower.^ The three tidal facilities in oration worldWe axe a 
lllW plant on the White Sea in Russia [1969], a 240-MW plant on the Ranee Rtver m 
France [1966], and most recently a 20-MW plant on the Bay of Fundy m Canada. 
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Chapter 2 - An Overview of Mill's Technology 

This chapter will focus specifically on the hydrocatalysis technology developed by 
Dr. Randell Mills of BlackLight Power, Inc.. After providing an overview of the theory 
behind the design of the various technologies I will move to a review of the astrophysical 
data which supports Dr. Mills' claim that fractional state hydrogen is common and abundant 
throughout the universe. I will highlight some key enigmas that Dr. Mills' theory solves 
and review the current technological devices that capture energy from this new found fuel 
source. Table 2.1 below summarizes the significant government, corporate and university 
research centers that have partnered to corroborate many ofBLP's experimental findings. 



TABLE 2.1 - BlackLight Power Research Partners 



I APORATPRY 



WORK PERFORMED 



Government 



Electrolytic Cell [850% VI] 

X-ray Photoetectron Spectroscopy 

Diffusion Cell 

Electrolytic Cell [130% Vi DC] 
Electrolytic Cell [170% VI DC] 
Electrolytic Cell 



Idaho National Engineering Laboratory 



SDIO-Wright Patterson AFB 
Chalk River National Lab [Canada] 
NASA - Lewis 
Brookhaven National Lab 



University 



Lehigh University - Zettlemoyer Center for 



X-ray Photoetectron Spectroscopy 



Surface Studies 
M.l.T. Lincoln Laboratory 
Pennsylvania State University 
Ursinus College 

Moscow Power Engineering Institute 
Laboratory for Electrochemistry, of Renewed 
Electrode-Solution Interfaces [LEPGER] 



Electrolytic Cell [400% Vi DC] 
Gas Cell [>2000% Hj Energy] 
Electrolytic Cell 



Electrolytic CeD [250% Vi DC] 
Electrolytic CeD 



Corporate 



Electrolytic Cell [2100% Vi AC] 

Mass Spectroscopy 

Electrolytic Cell [150% Vi DC] 

TOF-SIMS 

Mass Spectroscopy 

Electrolytic Cells [2100% Vi AC] 
Gas Cells [2 - 50 watt Energy] 
Mass Spectroscopy 
Gas Chromatography 



Thermocore, Inc. 
Air Products & Chemicals 
Westinghouse Electric Corporation 
Charles Evans & Associates Laboratories 
Schrader Analytical & Consulting Laboratory 
BlackLight Power Laboratories 
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In the column entitled "Work Performed" I have summarized the types of devices 
tested or work performed in each laboratory. In all cases these labs provided data and 
results which were consistent with the results anticipated by the Mills theory ««*ss 
heat production, hydrino or dihydrino signatures, etc.]. 

provLd, show the energy output to energy input ratio confirmed by the lab. Ig^HhL* 
r^byreading and surnmarizing the reports producedby me labs themselves. A detaded 
bibliography of the reports generated by these partnerships, plus others I was able to 
cataloguehas been provided in Appendix 1. It is important to note that all ofthe work m 
Tabled is very recent, having been completed during the last five years. The four 
^Sons of Chapter 2 are as follows: Section 2.1 will briefly describe** ; utercyT*. 
Mills developed leading to the design ofthe various BLP technologies. Sechot 23 w* 
summarize anTanalyze some ofthe astrophysical data which supports cla ^ 
with that this new form of hydrogen is prolific throughout the universe, Section 2.3 wdl 
Zcribe a few ofthe enigmas that Dr. Mills' theory solves, and Section 2.4 will provide a 
£E£!Z2 fcestateTihe art of ^.iri^^**— 
energy production from the new found fuel source. 

2.1 Hydrocatalysis - A Theoretical Overview 

The catalytic reduction of atomic hydrogen below its ground state of n=l ^ 
postulated bTDr-^andeU Mills of BlackLight Power Inc. ^ is substantial^ that has 
been gathered confirming an unexplainable amount of energy being released ftom 
SSes^S^ues are well in excess of any known chemical reacfconwrth 

a^^Xrved by others when reproducing BLP experiments. Inaddmon^ 
newefSrSc signatures corresponding to the expected [ie; calculated] energr 
^^hydrogm via mass spectroscopy, gas chromatography, x-ray P^°?™ 
^rSpy and extreme ultraviolet spectroscopy have been idenUfied. A . non-mvial 
Ser oHndependent laboratories and research centers have been mvolved in the 
^aSionsSribed in the above findings. In addition, a sound theoretical ^ ^ 
^momenon has been postulated by Dr. Mills which unifies field theory with a camp etely 
S^hTphS. Mill! theory holds at its foundations inviolate the classical 
laws of physics, including all of those listed below. 

1] Conservation of mass-energy 

2] Conservation of Linear and Angular Momentum 

3] Maxwell's Equations 

4] Newton's Laws of Mechanics 

5] Einstein's Special Relativity 

6] Einstein's General Relativity 

The postulated reduction of hydrogen to fractional quantum energy levels 
represents apical departure from currently held quantum theory. But when it comes to 
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the classical laws of physics the Mills' theory rather than contradicting current models 
actually builds upon them. Dr. Mills' approach is fundamentally based upon the 
theoretical hydrogen atom energy equation developed by E. Schrodinger and W. 
Heisenberg in 1926 shown below. 



En = -eWSTOoaH =-13.598eV//i z 



(la) 
(lb) 



n=l,2,3,... 

Dr Mills has proposed that a new boundary condition, derived from Maxwell's 
equations be applied to Schrodinger's original equation. When it is apphed to the 
SnStaThyLgen equation the Mills' model suggests a purely physical model winch 
arol^foraU of known nature. Tins same model applies on the microscale [«. particles, 
^Z££S2* through the macroscaletix. planets, stars, galajes and me overaU 
S^s?] Amori detailed overview of Mills' ^eory for me toerested reader was 
SoSd by this researcher and is provided in Appendix 2. TTie modification Dr Mills 
W^wS make predicts that equation^ above be replaced with equation (lc) 
SSchXws for lower than n=l non-radiative valence states for the hydrogen 

^ „ = l,2,3,...,^,»=l/2,l/3,l/4,... 00 

His mathematical solution uses fundamental constants only and the energy values 
predicted by his theoretical approach agree in a most compiling way with observations 
sSSs hive made of the universe and stars. The new form °f fraction^ valence states 
of to hydrogen atoms [named "hydrinos" by their discoverer, Dr. Mills] are able to 
radtte mSml amounts of energy as they undergo electron relaxation to lower energy 
states [see Table 22], 



TABLE 2.2 - Energy Released From Lower Energy Hydrogen 



R [radius] Energy Released (eV) 

r = oo t0r=R AEfea/ -Ac^Baf 



1 


a H 


1/2 


aw/2 


1/3 




1/4 




1/5 




1/10 


ShTIO 


1/100 


aH/100 



13.6 




54.4 


40.8 [1->1/2J 


122.4 


66.0 1 1/2 -> 1/31 


217.7 


95.3 [i/3->imi 


340.1 


122.4 MM->1«] 


1360 


258.4 {1/9^1/10] 


136keV 


2706.4 (1/99 -> 1/100] 
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This source of energy likely represents more than 40% of the radiant energy 
created by stars. Figure 2.1 below is an illustration of the change in radii of the hydrogen 
atom taken from his text on his theory "The Grand Unified Theory of Classical 
Quantum Mechanics". m The well accepted model [i.e. when a hydrogen atom absorbs 
a photon and increases the radii between its electron and proton, n=2, n-3, n-4, etc.] is 
shown in the top half of the page. 
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FIGURE 2.1 Quantized Sizes of Hydrogen Atoms 
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The ra dical new model Dr. Mills has proposed [i.e. that there exist stable forms of 
hydrogen in fractional energy states below the accepted ground state, n=l] 
commensurate fractional radii between the electron and proton i.e n=l/2 n=l/3, n-1/4, 
etc.] are shown on the next page. The model being proposed wall heremafter be referred 
to as "Mills Theory". 

It is important to emphasize at this point that the transistions described are nil 
nuclear This faa chemical reaction that only effects the binding energy of the hydrogen 
atom's electron. The fundamental energy release mechanisms in this process are 
hydrocatalysis and disproportionate. Hydrocatalysis occurs when a hydrogen atom 
2th its electron at its normal ground state or a lower -ground state [»; n * 1 reacts w,th a 
catalvst having a net enthalpy of 27 eV. Energy is released per equation (Id) 
S^poStionc^ 

S3n«r lower energy state hydrogen atom 0e; n < 1] which results in the io™on 
oftrSonization energy is a multiple of 27 eV] and the transit™ of the e ecuwof 
t Si« atom to a stable, lower energy level. Energy is released per equation (le) when 
the atom which ionizes has its electron at its n = 1/2 state. 

E = (l/nf 2 -l/ni 2 )xl3.6eV ( ld > 

E = (l/n f 1 -l/n i l )xl3.6eV - 54.4eV d«) 



The interested reader is referred to Appendix 2 for more detail on Mills theory. 

2.2 Astrophysical Corroboration 

The theoretical model proposed by Mills might remain an interesting approach to 
unifying physics but be written offas a theory of no import were it not for the feet ^thatthe 
Eatery of the universe provides a prodigious amount of data which appears to support 
ESans. For example, his theory predicts that the electronic transition of atomic 
hydrogen below its ground state of n=l is a widespread phenomena v^provides a 
sfgnificant amount of the energy radiated by all stars. Jn* theory dso predicts 
ttSon reaction occurs in the atmosphere of some of the larger planete [Jup.^ and 
Saturn] as weU as in the dark regions of space. Hydrogen is the most abundant element m 
the universe, and if it also is able to exist in a stable form in lower energy states rt must be 
measurable and detectable. There is substantial observational data cor£rrning that 
possibility. One source is the extreme ultraviolet spectrometer data coUectedand analyzed 
by Simon Labov and Stuart Bowyer of the Center for Extreme Ultraviolet [EUV] 
Astrophysics at UC-Berkeley. 1 * 1 They designed and had launched a diffuse, grazing 
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incidence EUV spectrometer into space from White Sands Missile Range in the spring of 
1986 They analyzed their data and published it in the Astrophysical Journal in the spring 
of 1991 Their data is remarkable in many ways; 1] it was not believed that such data could 
be collected 2] they observed and validated significant emission features and signatures 
from the dark regions of space, 3] they acheived a very high statistical confidence that the 
data was real [in many cases >99% confidence] and 4] their explanations for what these 
emission signatures must be postulate that an unexplainably high temperature [million 
degree gases] must exist in what was otherwise believed to be a vastly cold region. 

Upon review of mis data the scientists of BLP, being chemists by background 
believed that "hot interstellar gas" view of dark space was not very plausible. They 
undertook to view this data in light of the fundamentals of the Mills' theory which predicts 
that lower energy hydrogen can collide with other lower energy hydrogen atoms and 
undergo an energy transition to a lower non-radiative energy state. These transitions radiate 
at specific energy levels and wavelengths as predicted by equations (Id) and (le) as 
described above. While the Labov and Bowyer's interpretation of these signatures 
originating from hot interstellar gases [Fe^ FE M , Oy, etc.] is more widely accepted by 
astrophysicists, other scientists see the explanation as less plausible. 

The BLP assignment of these and many other planetary, stellar and interstellar 
radiation signatures to a calculated amount of energy being released from hydrogen atoms 
undergoing collisional effected transitions to lower energy states appears to be much more 
plausible. When the data is analyzed and one views the assignments of the probable 
nydrogen transitions and sees the reasonableness of ^ a ^*f ^"XTrfn 
much more than a remarkable coincidence. The analysis provided by BLP m Table 1 [on 
n^7xiu7f the Forward] as well as page 424 of the text on the theory ™ shows a match 
Kn uie backgro Jdata and theoretical transitions for nearly all of the transmons that 
are probable to the n = 1/8 state of hydrogen. I have reproduced these calculations in 

3 and provide a summary of one of those spreadsheets on the page that follows as 

Figure 22. 

Perhaps an even more compelling way to view this data is in the : manner developed 
by Jim Kendall P.E., a Ph.D. Nuclear Engineer from Technology Insights [a technology 
Lseslent firm from soumem California], He graphically stacked the Labov and Bowyer 
^ZTteby side with Mills theory predictions as shown in Figure 2.3 to reveal a correlation 
which is most persuasive. 
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FIGURE 2.2 - Astrophysical Observations and Mills Theory 
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FIGURE 2.3 -Astrophysical Data vs. Mills Theory Illustrated 
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The analysis completed by this researcher in Appendix 3 corroborates the findings 
of BLP in regard to the extreme ultraviolet data in the background of space [above] as well 
as from our star, the Sun, as well as from a stellar flare on AU Mic and star EQ Pegasi. Dr. 
Mills' text also provides many other sources of astrophysical data which produce ^ 
information that regularly display the lower energy hydrogen transition energies mat would 
be most likely from a probabilistic standpoint Table 2.4 on the page that foUows lists the 
most commonly occuring wavelengths and energies in all of the data described above [te; 
data that appeared in at least 3 of the 4 sources cited] and the match I have calculated for 
that data by equation (le) above. 



TABLE 2.3 - Commonly Observed Wavelengths & Mills Theory Predictions 
Wavelength Mills Theory Wavelength & Hydrogen Transition * of sources 



A 



302fcV304 303.9 1/3 -> 1/4 * 

261 265.0 1/4 -> 1/5 He scattered 3 

182-183 182.3 1M -» 1/5 « 



A Initial Stage -> Final Stage of 4 

911.8 91A-3 3* 

3 
A 

1»lll30 1305 1«->1« J 

122JZ-123 122.6 1/6 -> 1/7 He scattered o 

101-101.3 101.3 1«->1/7 \ 

LZ, 89.0 1/7 —> 1/8 H scattered 3 

81.1 1/3 — > 1/5 H scattered 3 

* NOTE: Only one source, the solar spectral data, inducted observations above the 600 A wavelength 



2.3 Enigmas Solved 

Perhaps the two most impelling enigmas that the Milk theory resolvesare solar 
problems. They are; an inadequate solar reutrino flux and a solar coronal temperature that is 
Lexplicably too hot For two decades we have known that the standard «>lar model 
preSs tri the primary energy source of our star is the nuclear fuaan of hydrogen atorn^ 
T^blem is thatscientists have been unable to account for an appreciable amount^ the 
Sutrino flux that would be predicted by assuming all of the Sun's radiant energy « 
tomLion. The Gallex solar neutrino detector in Italy sees only 60% of Je *™ 
Sstandards^larmodelwotddpredict' 1 '' ^"^^^W^ 
of 2 1 ± 0.03 SNU or only 27% of the standard solar model s 7.9 ± 2.6 SNU. Where 
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then,ifnotf*ion^ 

ex^v^Aedescnptionofallo ^l^S'ofT^n into space, The photosphere 
-consider the temperature gradient fro ^™^Xtempei^ofthe corona [solar 

&e n = 1/100 level yteld energy deques (13 Sun giving rise to the 
disproportionate reaches place » ^ ^utt^ ^es sense of what otherwise 
much higher temperatures there. Togetner me ™" The standard solar model has no 
could only he explained by difficuh-to^eheve ^^^3^^ to "the 
answers for this enigma but two theones a ^ * e n ^^ c c J^oT 

propose the electric currents or MHD. 

i ~4 ;« Act nf the total mass or matter in the universe. For 

Ldentified "dark mattery must exist - Native and 

calculated mass of the universe can not be obtamedby **^>™ galaxies rotate at a 
observable matter. We need more « ;to ^^^SiTrnWr^vidingthe 

stabilizing gravitational attraction. 15 ' ^ nfthe universe consists of hydrogen that the 
postulate that if over ^^^^^^S^Ln of hydrogen? Mills 
We amount of "missing matter" may also be some non r ^ate hydrogen 

tSry predicts that stars consume hydrogen and ™*«™*™£^ZIcr than 
as thrash" residue of the reaction. Tins ashis JJ^J^^^ £ It 

^a^a^ 



of the universe. 



2.4 Technological Embodiments 

This final section of Chapter 2 is devoted to devices and apparatus that have .torn 
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predictable and consistent Table 2.4 below indicates the types of devices that have been 
designed and developed by BLP scientists to demonstrate the phenomenon. 



TABLE 2.4 - BLP Technologies 



Device 



Type 



Other 



Dewar Flask 
Electrolytic Cell 
Electrolytic Cell 
Non-Electrolytic Cell 
Glass Lamp 
Isothermal Calorimeter 
Calvet Calorimeter 
Nickte Hydride Wire Cell 
Quartz Firebrick Cell 
Test Cell 1 



Electrolytic Cell 
Electrolytic Cell 
Electrolytic Cell 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 
Gas Phase 



DC electricity 
AC electricity 



Oven Moderated 
Water Cooled 

Steady State Flow 



Furthermore all of the devices in the above table exhibit the ability to generate 
anomolous heat that is inexplicable by any known chemical or nuclear reactions. These 
devices generate heat with no flux or radioactive materials, reduction or ^n^ption of 
Srrchemical or molecular reactions or bonds and follow directly from the MiUs theory. 
The specific devices are in essence the embodiment of his concepts for bringing hydrogen 
atonisinto contact with a catalyst in order to begin the hydrocatalysis and subsequent 
disproportionatJon reactions. The devices developed by BLP are both test and 
demonstration units. 

The two and one-half pages following below provide illustrations of some of the 
key BLP technological embodiments. Figure 2.4 illustrates the dewar expenmentol 
velsel Figure 2.5 shows the typical arrangement for one of BLP's advanced electrolytic 
cells Figure 2.6 illuslrates the device developed by the BLP joint venture with 
T^nST- a non-electrolytic first generation gas phase cell. Figure 2.7 lUustmtes the 
isothermal calorimeter and Figure 2.8 is atypical Calvet calorimeter arrangement. I am 
focusing on these few devices to keep the reader directed to the speculc technological 
embodiments of the Mills theory that demonstrate that the production of excess and 
anomalous heat from each apparatus is conditional upon bringing all of the elements of 
Mills' theoretical requirements to the experiment If any one of the key elements is 
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missing, the experiment functions as a typical control with no excess heat being 
produced. 

FIGURE 2.4 - Dewar Experimental Cell 
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FIGURE 2.5 - Advanced Electrolytic Cell 
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FIGURE 2.6 - Non-Electrolytic Gas Phase Cell 
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FIGURE 2.7 - Isothermal Calorimeter Gas Phase Cell 
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FIGURE 2.8 - Calvet Calorimeter Gas Phase Cell 

Fwunsl Schematic of me Gas OA for the Calvet Calorimeter and tross Sectional View of 
theCaivet Calorimeter. 1 - (1/16r 00 stainless steel tube (to hydrogen 
stainless stee! tee union. 3 - (1/4)" OD stainless steel tube (to vacuum inanitoU). 4 - cell 
lid 5 - filament leads, 6 - Conax-Buffato gland. 7 - precision resistor. O.l mmOp 
tungsten filament, or nk** hydride filament treated with catalyst 8 - < "PJ*™ 
g-ceflbody 10 - Calvet Calorimeter, 11 - thermopile signal output, 12 - thermal shunt, 
13 - trwmopae. 14 - ir- 1 ~ 



*=r — " i — » V*wJ 




In the case of the electrolytic cells it is very important that the hydrogen atoms be 
formed on the cathode contact with the right concentration of the catalytic ions in order 
for the heat generation phenomenon to be replicated. In the case of the gas cells a small, 
partial atmosphere of hydrogen gas, a small partial pressure of the catalytic ions as wU 
as a mechanism to cause hydrogen dissociation all need to be present for the reaction to 
commence and continue. The experiments and subsequent demonstration units were 
designed specifically to assure that the mean free path for the hydrogen atoms [once 
formed] to interact with and collide with the catalytic ions was appropriate to favor the 
collision and catalytic reaction prior to hydrogen atom recombination into H 2 . 

Each of the cells illustrated above were able to regularly, consistently and repeatedly 
generate heat in amounts that were far in excess of me any known chemical reaction for 
hydrogen and any other known elements. In the case of the vacuum gas cells thisreaction 
was developed and maintained using only very small amounts of hydrogen gas, a filament 
to dissociate H 2 into its atomic form and a catalyst with the appropriate resonant enthalpy of 
27 eV. Part H of this thesis will highlight the performance of BLP's isothermal cell, Penn 
State University' s Calvet cell experiments as well as the experiments of this researcher in 
the Calvet cell at BLP laboratories. 

To more fully document the BLP theory that lower energy hydrogen [hy drino 
formation] was the source of the heat in the reaction, the residue "ash" as it were from the 
reaction gases from both the electrolysis and vacuum cells was collected According to 
Mills theory this "ash" should contain the lower energy form of hydrogen postulated by 
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BLP The difficulties of capture make this effort quite a challenge since the atoms being 
searched for will have significantly smaller diameters than the smallest of all atoms BLP 
and four other scientific laboratories began this search a few years ago They used the 
methods of mass spectroscopy, gas chromatography and X-ray photoelectron spectroscopy 
[XPS]. Table 2.5 below highlights the results of those investigations thus far. 



TABLE 2.5 - The Search for Hydrinos 



Device 



Mass Spectroscopy 



Gas Chromatography 



X-Ray Photoelectron 
Spectroscopy [XPSJ 



Results/Observations 

Large signal with ionization energy 
in calculated range of dihydrino 



Significant signal peaks which can 
be associated with n=1/2, 1/3 and 1/4 
dihydrino molecules 

Signal Peaks associated with the 
binding energy of n=1/2, 1/3 and 1/4 
hydrino molecules 



Investigating Laboratory 

BLP Laboratory 

Air Products & Chemicals Lab 

Schrader Analyt & Cons. Lab 

BLP Laboratory 



Lehigh University - Zetttemoyer 
Center for Surface Studies 
Idaho National Engineering Lab 
dark Evans & Associates 



Figure 2.9 which follows on the final page of Part I illustrates the location of an 
anomalous^ near 5 5 e V binding energy which was detected by ^^^J to 
Surface Stuo^at Lehigh University, Charles Evans & Associates andldaho National 
Earing Laboratories [INEL] in separate analyses of BLP and IKEL sample* BLP 
aSrTthe n= 1 tl state of hydrogen, which has a calculated ^^^^^ 
She source for the peaks in each independent study. At present all other potential known 
sources of a peak at that energy level [Le. Fe 3p ] have been ruled out as a source. 
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PART II - Analysis of Previous Experimental Results 

As noted in Chapter 2 |Table 2.1] there have been a substantial number of teste of 
BLP electrolytic cells. This researcher was not able to find any documented results from 
tests that had been performed on BLP cells which indicated that the cells did not operate in 
a manner to generate the anomalous heat predicted by BLP scientists. However due to me 
controversial nature of electrolytic cell and the close association of the work with ithe 
continuing debate regarding cold fusion claims I have directed my research toward 
reviewing the test results which have been achieved in the gas phase cells. It is worthy of 
note at this point that there continue to be significant publications in Fusion Technology 
where well respected scientists are continuing to claim excess heat in so called cold 
fusion" cell experiments. Of particular note is a recent technical paper m the March 1997 
SSnSgyjournal. Theauthors [from Shell Research ,/CN AM 
Sriences Nucleus in Paris, France] describe how they have detected and venfiedftat they 
are creating excess energy from hydrogen "7300 times higher than the most exothermic 
knownreaction" at a high confidence level [99%]. They also detect missing .hydrogen in 
STSLsamples. Further, they present their postulate that the ^f^^T 1 
energy is from "the formation of a tightly bound state of hydrogen. Jn r 
toe electron is much closer to the proton than in normal hydrogen. Tins could explain both a 
hieh energy of formation and a greater than normal capacity to diffuse through any 
23 All of these findings are consistent with the Mills theory. Part II of this thesis 
will focus on summarizing the results of two of the gas phase cell expenmental results 

to dSnS with special interest the experiments conducted by this researcher 
Si b eachcL tolas phase cells produce a statistically «gmficant^ beyond 
u^em,r range and accuracy of the measuring device] amount of unexplamable he^In the 
e^erimeSie heat generated is well beyond the most ene^etic of cherntcd^ions 
kn^wTfor hydrogen. I will attempt to explain, when possible potential reasonable 
SeZive explanations for the repeatedly observed phenomenon. Often, ho^tha.^ 
no reasonable explanation other than the potential for a new energy source resulting from 
Ae^ction of hydrogen and the catalyst materials in the cells. After summarizing all jrf 
Z ceU expeAnents, the results of a singular isothermal cell test will be reviewed 

£ wt«S results from this cell formed the basis for the computer modeling 
I^SffiJSIU Results from the Penn State University cell 
InfmeX closhiglection will summarize me results of my work wUh Mr. Wilham Good, 
the Chief Scientist and Director of Research & Development at BLP. 



Chapter 3 - Summary Review of Gas Phase Cell Experimental Results 

Table 2.4 illustrated seven gas phase cell experimental device* I will provide a 
detailed explanation the operation of two of these devices in sections 3.1 *imi^3^I 
wmptJspecial focus [sections 3.2 and 3.3] on the Calvet device see Figure 2.8] which 
^e m?st^urate in measuring the heat generated in a BLP reaction. Pnor «> the 
^unSment of the hydrocatalysis process developed by BlackLight Power the 
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™r,«liom for hvdroeen as a fuel revolved around its energetic reaction with oxygen. In 
nZ^ate SSfb W abundant, stable and versatile molecule. Hydrogen » very 
S tart lo ojen, and requires significant energy to break these these nable 
bSL to yield H 2 . After they are broken, hydrogen in its molecular ^[Hj ! also 
Mfefe bu^reacts well and energetically with many other elements to form a plethora of 

generatea oy me reac & met hod for measuring or determining 

identical m nearly all respects excep tor tne thermopiles to 

^^eStS^^ d 
measure the neat iteming « t^„ui«» AYtPmal temnerature and 

• ^11 noes the laboratory environment as the stable external tempermuic ^ 

^=£tf*egSe^^ 

gSt potential for creating commercially significant heat Section 3.1 focuses 
specifically on that BLP technological embodiment 



3.1 BlackLight Power Isothermal Cell 

SuZ^fv^^ 

SSvessel were a 200 cm tungsten filament 0.0 1 cm *^Jgg^»L 
ceramic rods connected by l/8th inch stainless steel tees and ^gramsd 
Hydrogen was introduced into the system at a pressure of 1 «^r^I 
tLum was opened and the ^^102^-^1^.^^ 
^doomprised a closed system it had a steady state pressure of 1150 ^^the 
Zer Z7e tungsten filament was turned on and raised to 15^ th^dge heater 
S off and did not come back on for about one half hour. The temperature rose from 
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275° C to about 285° C during this period. When the cartridge heater did begin cycling 
again to maintain the vessel temperature at approximately 275° C it did so at a steady state 
energy consumption rate of 48.5 watts. [The details of this experiment are found in 
Appendix 4] The filament wattage was successively increased to 25 watts, 35 watts and 40 
watts in three additional steps during which the cartridge heater energy decreased to 17.2 
watts 5 7 watts and 0 watts respectively. The vessel continued to maintain a temperature of 
288-289° C without any energy being provided by the cartridge heater. The filament steady 
state power consumption was 40 watts indicating that something [presumably the 
Hvdrocatalytic effect] occurring within the vessel appeared to be providing the additional 
57 watts of heating that was necessary to keep the vessel at temperature. If one assumes 
that all the data being gathered on this closed system [i.e; energy in, temperaft^pressure 
and chemicals involved] are accurate, then this appears to be a compelling lustration of 
this technology's capability. Table 3.1 illustrates a significant number of BLP 
experimental and control runs on their isothermal calorimeters. 

I have summarized the results for each of the runs but the reader is encouraged to review 
Ae detailed data in Appendix 5. The Appendix includes all of the de^ed experimental 
as well as the analysis completed by this researcher. Itis clear from the few cartrol 
studies that the isothermal cell exhibits different behavior when ? « °peratmg on filament 
power versus cartridge heater power. As shown in experiments 15.5 and 15.8 toe 
SZrScell uses significant less power with the filament than that required onthe 
SShSer. This researcher believes that this apparent 25-54% savmgs maybedue 
^fec^rsmmefollowingorderofsignificance; 1] THe relative d.stancesbe^ 
the heating sources and the thermocouple [The filament was closer m proxumty to the 
Aermocmrple and therefore had greater radiant coupling] 2] Radiant coupling offce 
SeTwith the thermocouple may have resulted in the thermocouple being at a higher 
fe^ttuTe than actual tem^ture. [This condition would allow the cell to cool down 
and thus reduce to some degree its heat loss and associated energy requirements]. 3] 
Creased stratification may have occurred under filament power [w« connective mixing 

have occurred sufficiently allowing stratification. With tie upper 
nSZSSe cell warmer than the lower regions of the cell heat loss would have 
Sased across the entire cell surface]. 4] In the case when the carmdgeheater was toe 
only^uL of power, heat loss through the bottom of the ceU may havebeen higher, 
the thermocouple in the cell will need to see greater power from the carmdge heater in 
^r C y^e off the power. It is important to note that another way of considenng tots 
££oS3EL the filament provided all of its heat interior to theceU most gently, 
wmK cartridge heater entered through and was connected to the bottom surface of the 
ctorim^eTaUowing a larger percentage of its heat energy to leave the cell without 
affecting thermocouple temperature. 

Nonetheless, it is important to note that experiment 15.4, 1 5.6 1 5-9 and 15 10 all 
create anomalous heat far beyond the cartridge/filament differential calculated ^ &J 
cSol experiments. From the heat loss model developed on these cells in Part m of this 
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power even in their very primitive development state. ^ 



TABLE 3.1 - Isothermal Cell Results Summary 



Experiment 
# 


Temp 
1 C ) 


Pressure 
( Torr ) 


Watts Watts 
[Heater] [Filament] 


Excess Heat Power 
[Watts] Gain [%] 


AC A 

10.4 


259 


2.0 


95.2 


45.7 


49.5 


108.3% 


15.5 control 


273 
273 


low atm 
2.0 


94.3 
94.3 


61.3 
75.7 


33.0 
18.6 


53.8% 
24.5% 


15.6 


271 


1.4 


92.0 


43.6 


48.4 


111.0% 


15.8 control 


261 


low atm 


87.3 


62.5 


24.8 


39.7% 


15.9 


280 


1.7 


103.5 


41.7 


61.8 


48.2% 


15.10 


264 


1.6 


92.7 


32.2 


60.5 


187.9% 


15.12 


284 


0.02 


106.0 


97.8 


8.2 


8.3% 


15.13 


319 


1.9 


131.2 


83.6 


47.6 


56.9% 



measurement thermistors and that a full ^ °* curves under various 

these cells. From this work we can f^P^^Sd Smketed with a 
temperature and pressure regimes. ^.^^^^J^mS. From a very 

vessel. 



3.2 Penn State University Calvet 

In late 1996 Dr Jonathan Phillips, Professor of Chemical Engineering *the 

sScant control experiments and tests on the heat .^^IS^ C^S 
A wmplete copy of their report and findings is prodded m Appendrx 6. TheCalvetceu 
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that they used is shown in Figure 2.9. The Calvet calorimeter cell is configured much like 
the isothermal cell described above but it includes much more accurate direct measurement 
of heat flux out of the reaction vessel. This measurement device is accurate to within 0.5 /. 
in recording energy flow. Unfortunately, in order to gain this extremely Wgh accuracy one 
must place this vessel into a very controlled environment and into a thermopile base. This 
makes a large device very costly. The size of the Calvet cells used by Perm State areJ20 
cubic centimeters. The tests were conducted during the period of October - December 1996 
in Penn State Chemical Engineering Department laboratories. The following excerpt from 
the report summarizes their key work and findings; "In three separate trials between 10 and 
20 K Joules were generated at a rate of 0.5 Watts, upon the admission of approximately 10 
moles of hydrogen to the 20 cm 3 Calvet cell containing a heated platinum filament and 
KNO, powder. This is equivalent to the generation of lxlO 7 J/mole of hydrogen as 
compared to 2.5x1 0 5 J/mole of hydrogen anticipated from standard hydrogen combustion. 
Thus the total heats generated appear to be two orders of magnitude too large to be 
explained by conventional chemistry, but the results are completely consistent with the 
Mills' model." m 

It is noteworthy that in all cases the Penn State tests [summarized in Table 3.2] were 
terminated by removing the hydrogen from the reaction vessel by opening the valve to the 
vacuum and pumping the gas from the vessel. It is not clear how long tnese reactions 
would have continued if the vessel was not emptied of the hydrogen gas. The method used 
by PSU included bringing their Calvet reactor cell to steady state m a controlled 
^Lament oven with only a platinum filament and small vessel of KN0 3 present withm 
the reactor vessel. They would zero out the Calvet output at this point and then admit 
hydrogen to observe the reaction that this precipitated. There experiments showed, a 
significant exothermic reaction upon the admission of hydrogen which could not be 
replicated upon the admission of helium [which they used as a control gas for their 
e^erimentsT In all cases this exothermic reaction was curtailed by the researchersonce the 
total energy that had been produced was significantly greater than that available in known 
chemical reactions of hydrogen. 



TABLE 3.2 - Penn State Calvet Cell Results Summary 



Experiment 
# 


Temperature 
<°C) 


Pressure Total Time 
( Torr ) ( minutes ) 


Total Energy 
( Joules ) 


Excess Heat 
(milliwatts) 


BL1218CD 


250 


170 


612 


21,560 


586.8 


BL1220BC 


250 


180 


364 


43.003 


595.9 


BL1221AB 


250 


120 


284 


10,293 


604.7 
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33 Jansson Calvet 

In early 1997, this researcher approached Mr. William R. Good, Research Director 
of BLP to discuss the possibility of replicating the isothermal cell work at BLP to determine 
mo^LncSy theory parameters of the gas phase reaction. It was tins researcher, 
n^t to deterrnine the effect of filament surface area on excess heat format™ as weU as 

Pretentions of other key variables such as reaction zone r*™*™?^ 
nreSures temperature, and other variables. BLP was most gracious in offering their Calvet 
LTfTanye^riments I would choose to run. The isothermal cells couM be used as 
foUow°upta thTevent that the data from the Calvet work indicated a sigmficant isothermal 
Sdern^niSon was feasible. In as much as it is believed ithat the fan*. ^ «- 
»er^l caused by hydrogen atoms colliding with catalyst ions or hydrmos, I undertook to 

flS2g filanfent surf ace area would increase atom generation rate and thus 
E^w^n^t from the Calve, cell. The protocol for my extents is .needed as 
T^xTacX ofmy co^oi and experimental results are mcluded as Appendrx 8. 

™Sfte filament length in two subsequent experiments. If tms could be done 
JS2£ I believe it would demonstrate that specific parameters of me reaction xould be 
S^o^d engineered. We followed the PSU protocol in 

v^^e;Swas because it appeared we were unable to demonstrate tte excess heat 
SarSTsO-lOOO torr range where the PSU reaction had operated successfuUy We 
^cLmUy able to replicate numerous times the anomalous heat gam resuhs in the 
^MmSr^sure regime. When we completed many of our post-expenmental 
SICe l^C, catalyst we believe we were able to »^««£< 

being generated from the small amount of hydrogen that ^ off gasmg fromtbe 
Snumfflament This is my present interpretation of the results I obtained. Presently I 
goffer" alternative exrEon for the consistent excess 

Sments and KN0 3 catalyst are present in the experiments. Table 4 J below summarizes 

my testfag objectives. 



TABLE 3.3 - Jansson Calvet Testing Objectives 



* Replication of PSU Results 

* Vary Filament Length 1 10cm , 20 cm , 30 cm ] 

* Analyze Results for Consistency and Patterns 

* Determine if Effect Appears Engineerable 

* Develop New Technical Skills and Knowledge 
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Table 3.4 below summarizes the 9 experiments and controls that I performed 
during the period of February 27 through May 5 1997. Each was conducted according to 
the primary protocol summarized in Appendix 7. 



TABLE 3.4 - Jansson Calvet Tests Completed 



20 cm Experiments 

1 control 

2 experiments 

February 27 - March 21, 1997 

10 cm Experiments 

1 experiment / post control-calibration run 
March 25 -April 13, 1997 

30 cm Experiments 
1 control 
4 experiments 
March 22 -25, 1997 
April 13 -May 5, 1997 



The following tables [3.5 & 3.6] summarize the testing protocol which was followed for 
each of the controls and experiments conducted in the BLP laboratories: 



TABLE 3.5 - Jansson Calvet Testing Protocol Summary - Control 

■ Prepare Calvet Reactor Vessel 

♦ Install Filament and Vacuum Test 

■ Place Calvet in Thermopile Cup 

♦ Vacuum test, connect leads, insulate 

■ Bring Oven & Calvet to Steady State 
♦250° C, vacuum cell to remove all H20, etc. 

■ Start DAS, Turn On Power, Close Vac. 
♦0,1,5,6,10,11,15,16, etc. watts to steady state 

■ Wait Until Steady State is Acheived 
a Observe Changes in V c 
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TABLE 3.6 - Jansson Calvet Testing Protocol Summary - Experiments 



■ Prepare Calvet Reactor Vessel 

♦ Install Filament, KN03, Vacuum Test 

■ Place Calvet in Thermopile Cup 
♦Vacuum test, connect leads, insulate 
. Bring Oven & Calvet to Steady State 

♦ 250° C, vacuum cell to remove all H2O, etc. 

■ Start DAS, Turn On Power, Close Vac. 
♦0,1,5,6,10,11,15,16, etc. watts to steady state 

■ Wait Until Steady State is AcheWed 
♦Stable V c , Win - Vf , KNO3 vapor pressure 
m Observe Changes in V c 

■ Inlet H2 to Double Current Pressure* 

■ Wait 5 min. and Vacuum Down to < 0.1 T 
m Observe Changes in V c 



. - ^ u. u inriirative of heat output, Wb, is the total energy being consumed 

N °P : ^' ,S ^ ener9y ^ dlSSip3tedbythe 

by the filament with n the Cft^^™,^^ preS sure is measured in mTorr. 

filament [allows us to know l*R ^^^^^o^er to observe an elevated V c 

* in all cases it was not necessary to add additional Hj in oraer w « 



Table 3.7 below illustrates the calibration curves 



and linear regression analysis fits which 



I obtained for each of the control runs used in calculating the excess heat from each 
experiment 



TABLE 3.7 - Jansson Calvet Testing - Calibration Curves 



■ 10 cm 

♦V c =0^016 (W m ) -0.0806 

■ 20 cm 

♦V c =0.2333 (W m ) -0.0605 

■ 30 cm 

♦V c =02297 (W m ) + 0.5188 



R 2 = 0.9966 
R 2 ^ 0.9996 
R 2 = 1.0000 



43 



V V 

_^ . . e . .i^Th^ic Peter Marie Jansson. P.P..P.E. 

Master of Sctence in Engineering Thesis p age 44 of 73 

Rowan University 

Pages 45-51 graphically and tabularly depict the results of the many days [over 555 
hours] of analyzed Cal vet cell experiments and controls. The results begin with a 
summary slide and then summarize the data by 10 cm., 20 cm. and 30 cm. experimental 
and control runs. These are labeled Figures 3.1, 3.2, 3.3, 3.4, 3.5, 3.6 and 3.7. Table 3 8 
below is a numerical summary of the results obtained for all KNO3 experiments as well 
as KNO3 plus hydrogen experiments. All excess heat calculations for the experiments is 
based upon the difference between the Calvet output power anticipated via the control 
runs contrasted with the actual input power used to generate that Calvet voltage output 
during the experimentals. All controls and experimental were completed in a closed 
system in an oven with temperature of 250 °C. In all cases the vacuum integrity of the 
reaction vessel was maintained throughout the entire run of the experiments. 



Table 3.8 Jansson Calvet Cell Results Summary 


Filament 
Length |cm] 


Excess Power Generated fWattSl 
Mean Max Min 


Hours of 
Operation 


Total Energy 
Produced 
[W-hrs] 


%Over* 
Chemical 


10 
20 
30 


0.581 
0.818 
1.572 


0.635 0.523 
1.231 0.337 
2.092 0.635 


297.97 
125.22 
131.95 


173.013 
102.464 
207.467 


234,387 
138,090 
278.151 



• - % Over Chemical - is the amount of energy generated by the reaction divided by »ee«WlM would 
h lZ ZZ, crerfedhad all of the hydrogen available at anytime in the expenmentel apparatus t>een 
SntSS in^emS energetic c4n*al reaction calculated [* hydrogen combing wth oxygen to form 
water - r^O] expressed in percent 

The energy produced by these experiments significantly exceeds thai which could be 
released by any known or potential chemical reaction by several orders of magnitude. 
The value shown in the table above is extremely conservative in that it was determined 
assuming the following; 1] all potential hydrogen in the system was ™ nv «^* 
perfect efficiency into water, 2] all of the impurities in the platinum wrre [99^9 £ pure] 
were hydrogen, 3] all hydrogen admitted at any time into the reraction chamber reacted 
within the vessel, even though it was rapidly brought under vacuum pressure and drawn 
out early in each experiment Even when these conservative assumptions are applied, 
♦here remains a significant and large amount of energy that is unaccounted for This 
ranges from about 1,400 to 2,800 times the amount of energy that was available at any 
time to the system assuming it was able to be perfectly released in a chemical reaction. 
These results would appear to be entirely consistent with Mills theory. 
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Figure 3.4 
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Figure 3.5 
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Figure 3.7 
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PART IQ - Mathematical Simulation Model 

In order to assess the commercial potential of the BlackLight Power technology I 
performed some mathematical simulation modeling on one of their most promising devices. 
The isothermal cell described in Section 3.1 produced meaningful excess power on the 
order of 50-60 watts and at meaningful temperatures 250-320 °C. The simulation model I 
developed attempts to recreate the heat loss profile of the isothermal cell in order to assess 
how much energy theoretically would be required to maintain the cell at any temperature 
level I developed this method as a theoretical modeling method to cross-check the 
calibrations and excess energy results acheived by the experiments on the isothermal cell. 
Chapters 4 and 5 below provide the results of the simulation model as well as my insights 
and lessons learned from the exercise. In addition, I developed a comprehensive testing 
protocol which, if implemented, could conclusively prove the energy gain of the isothermal 
cell and provide additional documentation for its performance. 

Chapter 4 - Analysis of Model Performance vs. Experimental Results 

In order to model thermally the heatloss for the BLP Isothermal Calorimeter I 
used the data provided from the BLP Experiment 15.6 witnessed by AH employees on 
May 3,1996. The method of operation of the Isothermal Cell is provided in Section 3.1. 
The experiment which we observed operated according to BLP's predictions, previous 
experiments and protocol. We were able to observe the results detailed in Appendix 9. 
A summary of that test has been provided on Table 4.1 below. 
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TABLE 4.1 - Isothermal Cell Results: May 3-4, 1996 



TIME fflfflCAL TEMPERATURES - oC PRESS. FILAMENT HEATER EXCESS 

CELL ROOM AT MILLTORR WATTS WATTS WATTS 

10:45AM 279.50 28.42 251.08 1150 0 96.99 JOT 

0 97.32 -0.32 

11:10 AM 
11:15 AM 

11:45 AM 285.09 28.04 



11:50 AM 
12:05 PM 

12:15 PM 288.86 27.88 



12:20 PM 
2:10 PM 

2:15 PM 289.24 27.45 
2:25 PM 



257.05 


1400 


15 


48.54 


33.46 






15 


48.94 


33.06 






15 


49.26 


32.74 


260.98 


1400 


25 


16.23 


55.77 






25 


17.75 


54.25 






25 


17.78 


54.22 


261.79 


1700 


35 


5.73 


56.27 






42 


0.00 


55.00 
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At approximately 2 A.M. on the morning of May 4, 1996 the filament mside the 
Isothermal Cell which we were testing burnt out. This caused a significant and dramatic 
M m cell temperature. The Isothermal Cell at that point in the experiment was receiving 
all of its input power and cell heating from the tungsten filament and the associated heat 
of reaction from the believed Hydrocatalytic reduction of the hydrogen gas at the near 
vacuum pressure [1.2-1.7 torr] within the cell. Figure 4.1 on the followmg page 
illustrates the dramatic drop in cell temperaure which was observed when the filament 
ceased to operate. The intent of my simulation model was to develop rnathematical 
^a^Eould match the heat loss profile of the cell while it underwent 4ts steady 
state cooling toward room temperature and also match in to the calibration tests 
conducted«the260-320 l> Ctemperaturelevels. I pursued tlus approach assuming 
ilistically that all significant heat loss was acheived via conduction [U» A*AT] and 
S Sve and convSve heat losses from the Isothermal Cell were minimal. JKfr 
£S ™ach I was able to get an excellent correlation at the lower temperature regune of 
o^rSon [$1 60 °C - see Figure 4.2] with a good fit at the higher temperature profile p> 
260-320 °C- see Figure 4.3]. 

loss of the Isothermal Cell at its entire range of operation in the tests conducted by BLP. 
This data is summarized below on Table 42. 



TABLE 4.2 - Isothermal Cell Heat Loss vs. Temperature* 



Cell Temperature 


Calculated Heat Loss 


t°ci 


[watts] 


27 


0.0 


50 


9.3 


75 


19.3 


100 


29.4 


125 


39.5 


150 


49.6 


175 


59.6 


200 


69.8 


225 


79.8 . 


250 


89.9 


275 


100.0 


300 


110.1 


325 


120.2 



• - assumes ambient temperature is 27 °C 
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FIGURE 4.2 - Isothermal Cell Model vs. Actual Heat Loss 



Model vs. Actual Data 
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FIGURE 4.3 - Isothermal Cell Heat Loss vs. Temperature 



Isothermal Cell - Heat Loss 
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Chapter 5 - Key Learnings and Insights From Simulation and Model 

What does all this modeling tell us? The specific experiment that we reviewed in 
order to develop the model can now be looked at with a greater degree of detail and 
understanding. We know that the Isothermal Cell was able to maintain a temperature 
measured by the thermocouple at between 280-290 "C. While under cartridge heater 
power it took 97-103 watts to maintain this temperature [our model says .1 t shouM have 
Seen approximately 102-106 watts]. When the hydrogen gas was exposed to Ae 
filament the thermocouple reading said that the temperature was maintained at 
apSmately the same level. However, in this case the filament was usmg only 42 watts 
afSSlte If we were to estimate from the simulation mode! what faod«gd 
Set temperature would have to be in order for its steady state heat loss to be satisfied 
wttt, onT42 watts of input power we would see that the equivalent temperature was 132 
°C It is tord to believe the^eU was operating at this low of a temr*rature during the 
experiment since our heat loss model was well able to accurately track *^rtlo«of the 
STfrorn when the filament burnt out all the way up to 160 °C with an extremely high 
dtgSof^acy. While these learnings indicate that the cell was in fact reducing 
^SousTeZit must be pointed out that due to cell variability observed between 
"X^taTrts and control runs and also between similar experiments the ac^racy of 
he^asurement in the Isothermal Cell is not folly quantified and known. 
sSSt number of BLP experimental and control runs on their isothermal calorimeters 
Ae^umrnary results highlighted in Table 3.1 it is most probable that the cell in feet 
*o 3, cor.istenUy.'Due to the variabuity of the few ^ ™ 

by BLP demonstrating that the Isothermal cell exhibits different beha^or^en. Us 
oLratiM on filament power versus cartridge heater power, more control studies are 
neSTdiscussedSsectiona.! this researcher r^Ueves that some of the vanabihty 
Setween cell heating source performance may be due to the four factors described in 
S 3 T[i.e,r relative rtsLces between the heating sources and the thermocouple, 
etc.] Nonetheless, it is important to note that this experiment does appear tc ^ 
anomalous heat far beyond the cartridge/filament dtfferentaal calculated by tte contrd 
experiments. From the heat loss model described above it appears that tins ^ermalceus 
wTable to create at least 10-30 watts of useful power even in its early development state. 

Included on the pages that follow I have outlined a proposed testing protocol for the 
Isothermal Cells which I believe will conclusively demonstrate their Pjformar^ or lack of 
performance. In that protocol I recommend that the isothermal cells be outfitted wuh 
external temperature measurement thermistors and that a full set of controls and 
experiments be carried out on these cells. From this work we can develop heat loss 
calibration curves under various temperature and pressure regunes. In addition, each cell 
should be blanketed with a standard jacket to reduce heat loss variability fom experiment 
to experiment From a very high temperature the cell should be turned off and a heat loss 
decaymodel be fit to its heat loss rate over time. This empirical model can toen be used as 
a second source of validation for the calculated excess energy created in the hydrocatalyuc 
reaction within the vessel 
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TfTERMA J rATORIMETER 
Definitive and Conclusive Testing Protocol 

SETUP: 

Develop and Install Standard Insulation Jacket [2-4" min. thickness ] 

Install 2 Internal [Top and Bottom] Thermocouples and/or Thermistors 

Install 6 External Thermistors top, bottom, each 90 degrees alternate up down 1/3 

Measure total weight, and total volume of isothermal vessel 

Develop computer controlled program to initiate steps 1-3 of each protocol 

Control Run #1 - He at 1 atmosphere 

1 Measure all relevant ter n pgrariire. pressure parameters and time for following protocol; 

T7STNG ONL Y ^HTF™™ ™*TER 
10 watts in for 1-4 hours or until steady state is achieved 
up ..power to 20 watts in for another 1 -4 hours or untU steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

0 Measure a]1 relevant te m ^ratiire parameters and timf for following PTPtQCOl ; 

7 T FTMr ONI v 3fln cm. FTTAMENT 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 2 0 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 3 0 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

3 , Measure HI Tr l fYf "* temr^tiire. parameters and time for follOW PrOtOCQl; 

v?W r T rpiCT r ARTi qmCT WRATER FOR 10 WATTS THEN 
YJJ mf.nt FOR NEXT 10 WATTS 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
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up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Control Run #2 - H 2 at 1 atmosphere 

1 TwfcMMt; al] Hf™"* trmne TP tV r parameters and time for following protocol; 

iijg ^tt ONIY C MW" maT HEATER 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 
Shut off all power and monitor temperature decline vs. time 

? all rrW rn* tPm peratnre parameters anrl tim* for follow protoco l ; 

t W n nNT V? n H^. ™ AMFNT 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 3 0 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 
Shut off all power and monitor temperature decline vs. time 

? Measure a l l IT 1 ™"* tempr nffl ™ Teeters and time for follpwjnP protocol; 

v * W a first w mTnav HEATFF EOF 10 WATTS THEN 

FT irtM ir - NT ™* NE*T 10 WATTS . t . A 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 3 0 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Control Run #3 - He at 2 Torr 

1 M^<niT- ^ relevant temperature parameters and time for following protocol! 
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T1gT ]vjr, ONI.Y r A rtp^hf HEATER 
1 0 watts in for 1 -4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
axe reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all temps^and time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

?, M tt"""* a11 r Wflnt t«npe r p ^1 T parameters and time for following protocol; 

ySINfi ONLY ? n r M ETT , AMENT 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 3 0 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

? M^ir* a ii rir^ temperate parameters fflfl time for following protocol; 

wi^q F TpgT r APTttmf ffi F ™* 10 WATTS THEN 
F TT f A MENT FOR NEXT 10 W ATTS m 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 

Control Run #4 - H 2 at 2 Torr 

] M^nr* ril r w™t temnerat ure parameters m d tiirr for following protocol; 

Vf! ffi q ONTV r ftRTR™ CT HEATER 
1 0 watts in for 1 -4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 
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continue in 1 0 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 C 
Shut off all power and monitor temperature decline vs. time 

? M~"™ all re ]™* tem perature nmmnm and time for follow^ prQtoCQl; 

iTjg iTJ^ONT.YT Aff^rM VTT AMT.NT 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all temps^and time 

up to 200 watts in or until cell temps are over 400 C 
Shut off all power and monitor temperature decline vs. time 

, m„„« „n r e l - mit T - l— ^nmrtrrs tin* for follpwinp protocol; 

i^p fl first r A RT PTnfiTi '- m ATFR FOR 10 WATTS THEN 
fjf a M^nt H*"* i« watts 

10 witts in for 1-4 hours or until steady state is achieved 
U p ^r to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 C 

Control Run #5 - Near Vacuum [< 25 mTorr] 

] ]A*nmm all H~f"« t™ p*ratnre ™rarnetm Mid time for follOW protocol; 

ii fflKft ont y r ABTBTP^rFr wfatkr 
10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1 -4 hours or until steady state temperatures 
are reached 

up power to 3 0 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 10 watt increments noting all tempsand time 

up to 200 watts in or until cell temps are over 400 °C 
Shut off all power and monitor temperature decline vs. time 

7 M -fl W all fffevimt tem p ^T* parameters and time for following jTTOtPCOl 

jiFTTWS ontv 200 CM. FILAMENT 
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1 0 watts in for 1 -4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 

Shut off all power and monitor temperature decline vs. time 

1 Measure a»] relevant tem pe rature parameters and time for following protocol ; 

FfRST CA PTRmCF HFATFR FOR 10 WATTS THEN 
jm amvnt FOR NFXT 10 WA TTS 

10 watts in for 1-4 hours or until steady state is achieved 
up power to 20 watts in for another 1-4 hours or until steady state temperatures 
are reached 

up power to 30 watts in [until steady state temps] 
up power to 40 watts in [until steady state temps] 

continue in 1 0 watt increments noting all temps and time 

up to 200 watts in or until cell temps are over 400 °C 



Conduct Full Experiment Series 

Repeat Series of Experiments [ie; 15.6, 15.9, 15.10, etc.] w/ 200 chl filament to isolate 
optimal zones of operation for maximizing excess heat generation effect Track power 
dissipation per surface area on filament 

Replace filament with tungsten of greater surface area. First increase diameters, then 
increase roughness. Assure 100% and 200-500% changes in area. 

Increase total areas of tungsten filament in reactor vessel by 1000% via curled filament 
etc. 

Use parameters above to design meaningful 1-5 kW water heater design 

and 1-20 kW space heater design 
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PART IV - Implications for the Future 

The world energy market represents over 100 trillion kilowatlhours of equivalent 
energy consumed each year and traded for well in excess of $ 1 trillion. It is clear that the- 
BLP process is in a very early stage of development and is not likely to impact this market 
in any significant way before the turn of the century. However, the experimental evidence 
reviewedand the data developed by this thesis indicates that there is an extremely high 
prS^lhaTthe effect preyed by Dr. Mills' work in his unified field theory and the 

role in tTfuture of the energy industry. Gas and electrolytic phase cells 
SeS^ntly capable of releasing heat on the order of 1 -20 tunes ^input 
SL promise for significant technical expansion as more focus and scientific and 
tZ^^Sm brought to bear on the task. BlackLight Power xurrentl) rraised 
SSSSal mvesTent through its final private placement offering wlnchwill 

^£ worW others are beginning to note with interest ^ ^ UC ^ 
production of anomalous heat via test cells that incorporate hydrogen and appropriate 

rnaterialsIseeTable6.il Whneme«cold^ 
which has made it difficult for the academic community to perform a complete and _ 

appears clear mat the dike holding this information back is about t^st Table^ a 
Snapshot of but a few claims that have been documented by credible scientists in 
industry and academia in the last few years. 



TABLE 6.1 - Global Reports/Observations on BLP Technology 



Journal 



Observed Data / Reported Results* 



Researchers) & 
Affiliation 



FUSION TECHNOLOGY 
Mar* 1997 



JOURNAL of ELECTRO- 
ANALYTICAL CHEMISTRY 
(1993) and (1991) 

3rd Conference on CoW 
Fusion -October 1992 



2,500 times energy out of hydrogen, hydrogen b tost 
in reaction, oewtormof tigfrfly bound hydrogen bine 
mode) proposed to explain energy and toss resutte 

Significant heat production from etecticryfccefeandthe 

obsenratonrtadkleutrinomotecutewt^ 

ene^sintototr«Mitoer>eryypn^ka»ns 

Significant excess heat products from cell wrth rrass spec 
data todfcating a dtouetrino molecule fcc; tower energy 
deuterium molecule via MSs] 



DuFour, Foos. Mfflotand OuFour 
ofSheflResearcWCNAM 
taboratoiredes Sciences 



Mies, Bush, LagowsM . Ostrom 
and Mies of China Lake Naval 
Air Warfare Center Weapons 
Division. US 

Yamaouchi and Nishioka of ine 
NTT Basic Research L ab oratories 
and MRA Europe &A. 



. see footnotes 39 - 43 
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Within the next five years there will be a significant increase in awareness of the 
factual information surrounding the experiments conducted by many on hydrogen 
technologies which are taking advantage of the natural effect first observed by Dr Mills. 
The data provided in this thesis is but a brief summary of the wealth of work that has - 
already been performed in this area of science. Most academicians I have spoken with 
regarding the work of Dr. Mills and Mr. William Good are annoyingly critical and 
Jssimistic before even asking to hear the details of their experiments crsur^rtogdata. It 
does not surprise this researcher that it has taken at least five years for Dr. Mills work to 
begin to gain the recognition that it needs to have for appropriate peer review and true 
academic critique. It is hoped that this thesis work will draw attention to the need for a 
balanced and open debate on the legitimacy of the BLP claims, which though they seem 
extensive are also grounded in excellent technical and theoretical research. 



Chapter 6 - Implications for the Future and Recommended Next Steps 

A new energy paradigm will not be quickly embraced by mose currently in 

decision-making positions in the energy industry. Literally trillions of dollars have been 
invested over the past fifty years in the current energy infrastructure and its ' 
retirement could cause major economic disruption. However, the deregulation of the gas 
industry over the past decade combined with the current efforts to deregulate the electric 
mS have positioned at least the U.S. and much of the U JC energy industry -ftr te. 
major competitive forces and shifts that the introduction of a new technology like BLP 
would cause! Cogeneration and independent power producer competition have already 
ushered in the pre-competitive era for most in the electric industry while the gas, oil and 
other traded energy commodities have been fiercely competitive for some time. 
Nonetheless, there is little to gain for the established energy providers to accelerate £e 
adoption of a new energy technology based upon hydrogen. Adopting a wait and see 
strategy not only minimizes the risk of embarrassment should the technology prove to 
SeK commercial potential, but also could stall or delay the day when the technology 
is ready and able to compete directly with the energy providers fortheir customers 
History has shown that only a few in business adopt the Peter F. Drucker strategy of 
creWg their future. [Drucker quote; "Tne only way to control the future . » to createrfl 
Mostare content to watch h being created around them and then getting involved once i 
uXax^hat the winning technologies are likely to be. m me ca^of a paradigm shift as 
radical as the one proposed by Dr. Mills and BLP, waiting could be a devastating 
business strategy. This researcher has advised his energy company to become involved 
fiZS SinSng and other companies should also follow tins advice. Knowmghow 
quickly the technology may develop and emerge best positions the W «»W *° 
man for the timely deployment, divestiture and or disposition of its assets that may be 
most at risk should commercialization move on a last or slower track. "Hns closing 
section of my thesis however, is not dedicated to what the energy industry should do as 
next steps but rather to what BLP should do in the near future to solidify therr position 
S S tectaology and maximize the benefits for their shareholders for the investment 
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they have made in developing this technology. The following list of recommended next 
steps is brief and succinct, but should assure BLP success in their endeavors if completed 
in a timely manner. 



Recommended Next Steps 

1 Clarify the Vision, Mission and Purpose ofBlackLight Power, Inc. and 
communicate it clearly to all employees, contractors and owners Align all 
corporate and employee goals and compensation strategies with the attainment of 
these. Identify the corporate competencies needed to execute the goals and 

mission of organization. 

2 Focus on maxirnizingthe intellectual property developed, owned and apphed by 
' BLP employees [individually and as a group]. Maximize new patent filings for 

all supportive device technologies and innovations. [If overarchmg patents fid, 
supporting patents will still protect the embodiments of fce BLP effect in most 
apparata] Maximize the technical and journal papers published and defended 
during years 1-5. 

3 Focus on Communicating the BLP Vision, Mission and Purpose to all appropriate 
audiences and keep an adequate supply of current, accurate and appropriate 
information flowing to the media and necessary constituents. 

4. Focus on Identifying and Quantifying the Key Par^eters controlling the 

Hydrocatalysis and Disproportionate effects including the isolated optmuzation 
of each as well as their interactions with each other. [ ie; dissociation surface area, 
partial pressures -catalyst vs. hydrogen atoms, mean fixe paths, temperature 
regimes, volumetric proportionalities, time dependence, etc.] Tins should be 
completed for all key embodiments gas phase, electrolytic phase, etc. 

5 Develop a self-contained, self-sustaining "Hot Black Box" which irrefutably 

* demonstrates the ability that BLP has to control all key parameters and engineer 
the optimization of the effect for commercial application and manufacturing. This 
must not be left to others to develop, it should be the work and competence of 
BLP at the end of the day in order to maintain a competitive advantage in this 
field. 

6 Develop the BLP management model and compensation strategy. Hire sufficient 
numbers of management and staff with the necessary competencies to 
successfully execute items 1- 5 during the first 18 months after sufficient funding 

is achieved. 
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PART V - Reference Materials 

The data reviewed in this thesis was substantial and unfortunately only a brief 
overview was able to be provided in the limited space. Many items referenced can be easily 
obtained from the author or from a librarian. This section is devoted to making that 
exercise more simple. The reference materials have been divided into two sections. First, a 
straightforward list of all Footnotes cited in the text grouped by their section or subsection 
number is available on the next three pages. Second, where key information was 
substantial and of primary relevance to the thesis but could not be afforded adequate 
coverage in the text, Appendices were developed to provide the needed reference support 
Placing them at the end of this thesis allowed the continuity of idea flow without distracting 
the reader from the key points being made. The full list of relevant supporting appendices 
is shown on the page before they begin as the final page in Part V. 



References Provided in this Thesis 

Footnotes Pages 67-71 

Description of Appendices Pages 72-73 
Full Appendices Follow 
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DESCRIPTION OF APPENDICES 

Ap pend!* 1. Rl P Researc h partners - Catalog* flf Experiment?) Results 

This researcher compiled a log of numerous experiments and studies that had been 
performed on BLP technologies over the past 5 years. These are summarized by tide, 
author, report name, date of work and subject matter in this appendix. 

/ipp«.ndiT 2. An Overview of Mills Theory 

The theory of Dr Mills is rather complex in that it unifies all of the aspects of a new 
classical quantum mechanics, Maxwell's Equations, Einstein's Special and General 
Relativity as well as the fundamental classical theories and models of physics. A more full 
description of his theory is provided in this appendix. 



Specific calculations provided by Dr. Mills in his text as part of demonstrating that data 
being collected from space is able to validate that the theoretical results of his model are 
sound have been made by this author. The Excel spreadsheet has produced the tables found 
in this appendix. 

Arniendi* 4. f *f p/AFI FTp yHinPnt 1S.6 - M«V 1996 

Atlantic Energy witnessed testing of the Isothermal Cell at the BLP Laboratories in 
Malvern, Pa. On May 4-6, 1997. The actual lab notes from that experiment and associated 
calculations done by Atlantic Energy staff to verify the results observed are provided in this 
appendix 

A rp >nHW S. An nlv^ T Tsofhfimnl rfllorimrtrv Data 

Ssis of &e Isothennal cell experiments was conducted by this researcher to see iflhe 
results that were being observed were consistent with heat loss modeling estimates The 
actual data provided by the BLP data logger was reviewed to see if excess heat of formation 
was actually occurring. This appendix summarizes these results. 

AnnendiT 6. PSTT Talvet T y ff f P~.,1ta and Kenort - December I? 9 * „ , T . 

S ipenL contains the fuTl research report completed by Pennsylvania Stale Un.vers.ty 
on their tests of the BlackLight technology via a Calvet calorimeter. 

A npgndir 7. J pil««"" r*h,et TestinP ProtOTfll , j . 

This appendix describes the protocol that was used in the control and expenrnental runs 
performed in BlackLight Power's laboratory facility during February through May 1997 by 
Peter Mark Jansson., PPJ.E. 
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DESCRIPTION OF APPENDICES (continued) 

set name is listed as well. 

occurring. This appendix summarizes these results. 
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Appendix 1 - Catalogue of Relevant Publications and Experimental Results 

This appendix provides a brief overview of relevant publications and printed experimental 
results that this researcher was able to acquire, review and summarize. I have not j™* 
exhaustive search for electrolytic cell experimental data since rt is extremely lengthy. The catalogue 
begins on the page which follows and forms the essence of this appendix. 
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Appendix 2 • An Overview of Mills Theory 

The section which follows is but a brief description of a theory that has ctowly been: yeanv of 
develooment work on the part of Dr. Ranoell Mills. I refer the reader to his complete text on "Tfce 
Grand UnWe^Tfteo/y of Classical Quantum Mechanics". Dr. Randell Mills received h 's BA 
c£mis7rTfrom Frankfin & Marshall College in 1982 where he graduated summa cum laude. He 
wen™n 7o£aduate from Harvard Medical Schoo. receiving his MD in 1986 wh.le simufc ineoushy 
Sloping his theoretical model for unification while taking electncal engineenng curses at MJ.T. 
HrrsTweator and owner of many medical patents and the reapiert t of jnany academic awards. 
He taspu^shed many technical papers and presented his Grand Unrfied TTieorj r in 198*T*e 
following year [1990] he went on to form the HydroCatalys.s Power Corporation [now ^teckUght 
PowTr] Sthat t me he has been demonstrating the proof of h.s theory by using 
deSs tS use proprietary catalysts to reduce hydrogen to the lower energy stotes predict ed by 
w. ^™ri*iof the hvdroaen atom This he has done successfully in many types of apparata. 

SfS paSs^the U.S. and 23 foreign countries. A patent was awarded ,n 

Australia in 1996. 

Dr Mills is President of BlackLight Power [BLP]. presently a small, high technology firm and 
laboratory located in Malvern. Pennsylvania. It is a privately held £™P a "^^^ U S 

entrepreneurial investors but has at least two major utility owners t Pa ^f°^X^^S unities 
and Atlantic Energy from the eastern U.S.] BLP is currently being courted by addrtionalU.S. utilities 
and mafor U S. energy equipment manufacturers. While significant data a ^expenmente 
conducted by BLP and ottiers appear to demonstrate conclusively the reproducibility of their new 
hlaf g^on effLts it would seem that the timing of their discovery was not «^ducn/e o 

a^d Flefechmann experience' has increased resistance in the academic communrty to objectave 
investigation of the BLP findings and claims. 

Table 2 1 in the thesis text summarizes the significant government corporate and university 
research centers Save corroborated BLP's findings. At the present time the cornpany s Board 
^votedTo allow only one more private offering before an independent public f en^anned 
nas voicu iu j r _ . te „ • j mDor tant to note that the work developed by BLr 

o nSmpany to its current state of technological development has cost rts pnvate owners 
ess than a few million dollars over the past seven years. This needs to be contrasted with the 
biffiorTdolla, SenXres over the past few decades for particle accelerators, nuclear research and 

investigations into the claims of cold fusion. 
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To Dr. Mills' credit his theory holds at its foundations inviolate the classical laws of physics, including all 
of those listed below. 

1] Conservation of mass-energy 

2] Conservation of Linear and Angular Momentum 

3] Maxwell's Equations on Electromagnetics 

4] Newton's Laws of Mechanics 

5] Einstein's General Relativity 

6] Einstein's Special Relativity 

His theory produces the same equation for the principle energy levels of the hydrogen atom as both 
Rnh^nrK but only Mills theory gets there through a derivation from first pnnaples. Bohr's 

^?oS£Sm KSn as a point particle whose circular orbit around the nucleus of 
^ Se^ by a perfect balancing of the cou.ombicforce J-J^ 

KsEroto^ nucleus (e + ) and negative electron (e^ satelite] between the two parties and the 

^^^^^^^^'^'^^ 

electron moton Hs famous wave equm boundary condition which in essence stated 

J^L oi Tr^ ^blems of creating a classical or physical interpretation of Schrod.rjgert wave 
Lofton have been significant over the years and so. as a result, physicists have drifted more and 
moreto^u^ 

Dh^ical descrirtion of particle behavior. This has setup a duality in the application of the tews of 
D E T^cffical tews are used at the macro level but at the micro level probaMrty andstet.st.es 
E -Ac^S to^e Copenhagen interpretation, every observable state e*sts .n a state of 
suSrpo^ o?possib.e staTes a* observation or the potential £ fi ^^^*se 
vJvXction corresponding to the possibilities to «^ ^ " d J^"? ^JSJSL 
Hm« .itioe in th» accented ohvsics of quantum mechanics that ted Dr. Mills to seek an aitemauve. 
T^Th too^^uS physical laws which were exact on all spatial scales. Dr. MHIs dd not 
IS ^ele^ tte wave nature adopted by Schrodinger and suggested by de Broglie and the 
Dav^o^refe^mr developeddoseo-form calculations that use only the fundamental 
Sn£o? S^ready accepted and understood that predict these aspects of the electron. 



Table A.1 below outlines the aspects of physics which Dr. Mills' theory can directly calculate with its 
closed form equations. 
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TABLE A.1 - Mills' Theory Predictions 



one electron atom w/ 4 quantum numbers 
the Rydberg constant 

the ionization energies of 1,2 & 3 electron atoms 

equation of the electron in free space 

electron g factor 

excited states of the electron 

parameters of pair production 

bond energies, vibrational energies, rotational 

energies and bond distances of hydrogen 
-type molecules and molecular ions 

equation of the expansion of the universe 

the masses of atomic particles [leptons, 
quarks and nucleons] 

beta decay energy of the neutron 

theory of alpha decay 



spin/nuclear hyperfihe structure 

the stability of atoms 

equation of the photon 

results of Stern-Gerlach experiment 

spin angular momentum energies 

results of the Davisson-Germer experiment 

hyperfine structure interval of positronium 

Quantum Hall effects 

the Aharonov-Bohm effect 

equations of gravitation 

the gravitational constant 

the basis for the antigravitational force 

magnetic moments of nucleons 

the binding energy of deuterium 

the chemical bond energies of molecules 



Mills theory begins with the classical, fundamental laws of physicsjsee 1-6 aboveT and then 

£S£ S»» <« •» «*«, tocuon «. « ? bounds 'S^fSS^SSl, 

gauging constante oeveio^ > c ^ perspective and new classical view an electron 
Z f features described by Mills' theory the reader is referred to pages 22-26 of Dr. Mills text 
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TABLE A.2 - The Electron Orbitsphere 



bound electron orbitspheres are described completely by a charge-density [mass-density] function 
that can exist only at specified distances from the nucleus 

the function which totally describes an electron orbitsphere's motion is composed of two functions 
1] a spin function and 2] a modulation function 

electron orbitsphere radii are calculated by setting its centripetal force equal to the electric and 
magnetic forces of the orbitsphere 

the electron orbitsphere behaves like a resonator cavity capable of absorbing photons of discrete 
frequencies [solutions to Maxwell's equations for excitation modes in this cavity give nse to 
four quantum numbers] 

excited electron orbitsphere states are unstable because the incoming photon disturbs the charge- 
density function creating a doublet function that has spacetime Founer components 
synchronous with waves travelling at the speed of light, thus it is radiative 

the photon is an orbitsphere with electric and magnetic field lines along orthogonal great circles 

when an electron orbitsphere is ionized its radius goes to infinity and it becomes a plane wave 

atom's energy is stored in their electric and magnetic fields, chemical bonding occurs when the total 
energy of the atoms can be lowered by forming equipotential orbitals with geodesic 
motion and the nonradiative boundary condition can be met 

lower electronic states exist below conventional [n = 1] ground state hydrogen atoms can react with 
a catalyst having a net enthalpy of 27 eV inducing them to electronically retex and decrease 
their radii with the emission of electromagnetic energy consistent with each of their change .n 
total energy state [ie; electric and magnetic field energies] 



This thesis will not review the many mathematical formulations and proof calculations of Mills theory 
^Vfull7elaborated in his text. However the following illustrations may help the reader grasp 
Tore succinctly the new orbrtsphere model proposed by Mills. Figures A.1 and ^2 below 
represents a physical view of Mills' model of the electron orbrtsphere a sp.nn.ng, two-dimensional 
spherical surface. 
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FIGURE A.1 

Figure 1.4 B. The current pattern of the orbiisphere shown with 
degree increments of the infinitesimal angular variable Aa(Act) 
perspective of looking along the x axis. 




VIEW ALONG THE +X AXIS 



Figure 1.4 C. The current pattern of the orbiisphere shown with 8.' 
degree increments of the infinitesimal angular variable Aa(Atf) froi 
perspective of looking along the y axis. 
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FIGURE A.2 



Figure 1.4 A. The current pattern of the orbitsphere shown with 8.49 
degree increments of the infinitesimal angular variable Aa(Atf) from the 
perspective of looking along the z axis. 
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In closing this overview of Mills' theory it is important to note that while the scientific community has 
been searching for a more classical unified field theory that could stand up to rigorous mathematical 
scrutiny for some time, there has not yet been a widepread review of his work by academia. The 
few academic reviews that have ben made on the^erits, potential flaws or criticisms of Mills ^work 
have come but glowingly in favor of his findings." This researcher believes that because Dr. Mills is 
an outsider and not considered an expert in these fields that it will take much longer for his work to 
be widely discussed in academic circles. Mills theory is compelling and may offer just what Albert 
Einstein was looking for when he uttered his famous words denouncing the then emerging quantum 
theory "God does not play dice with the universe". 

APPENDIX 2 FOOTNOTES 

r A1 i Mills Randell L, "The Grand Unified Theory of Classical Quantum Mechanics", BlackLight 
Power, ©September 1996, Library of Congress Cat No. 96-70686, ISBN 0-9635171-2-0, p. 7 

r A21 Mills Randell L, w 77i< i Grand Unified Theory of classical Quantum Mechanics", BlackLight 
13 p^, © September 1996, Library of Congress Cat No. 96-70686, ISBN 0-9635171-2-0. p. 9 

[A3] Mills, Randell L, 'The Grand Unified Theory of Classical Quantum ^^a^; Bla^ght 
Power, © September 1 996, Library of Congress Cat No. 96-70686, ISBN 0-9635171-2-0, p. 22 
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The foUowing is a list of the column headings and their meanings for the PEC 
data spreadsheet: 

Column 1, Time(sec)-the time in seconds for each data point from the initial time 
(To) when the data acquisition system was started 
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Ex. 50sec(x)lmm/60sec(x)lta/60min = 50/3600(hr) = 0.01 4 hour S 
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Dear Peter, 

Here is the data for the isothermal calorimeter which you requested. I 
tried to give you the most complete and representative data for our work on 
the isothermal calorimeter. The data includes one control and one 
experiment for a short (66 cm) tungsten filament, and also one control and 
five experiments for a longer (200 cm) tungsten filament. Varying diameters 
of tungsten filament were used for the 200 cm experiments and these 
diameters are noted. Other variables and data are listed under each 
experiment number (15.x) and description. 

If you have any questions about the data, give me a call. 



Sincerely, 




Stev Bollinger 
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SUMMARY 



Tests for heat production associated ^'^^^F^^lrriedoS Tz 

=^^^^ 

compared to 2.5 *l<fi J/mole of hydrogen ^^su^yd^e^ W 
the total heats generated appear to be two orders of r ^ lt ^^ > ^^^,y^S ft must be 
c«Sonal chemistry, bK results are completely ^^j^^S^^^ 
noted that although the results presented in this report ^^^^^^^T 
verification. Moreover, it should be noted that some control studies ; are ^Jf™***^ ^ a 
Also included is a brief report on an attempt to repbcate ^(^oMresuto on a larger 
scale using the water bath calorimeter (described in some de£ » Mked to a failure 

Unfortunately, no evidence of 'excess heat K h^&effihlt thT 

to maintain the catalyst ions (K+ > ^ the vapor P^W;Xte temperature is 
KN03 catalyst evaporated from the containing pot at the reactor M »>™^^ uriththe 
Shfand dc^sitedon the reactor walls, which are ^^^^XSmS^) 
cafcrimeter^aterbath. (That is, the catalytic material « W^KS bath, 

contained the KNO3. 
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INTRODUCTION 

Experiments were conducted to test the hypothesis that in the gas phase potassium ions will - 
catalyze the conversion of hydrogen atoms to hydrino atoms. These experiments were initially 
carried out in a Calvet cell as this type of calorimeter is highly sensitive and accurate. Moreover, 
the conditions of the calorimeter are controUed. 

RM's theory of hydrino formation requires that both K+ ions and H-atoms are present in 
the gas phase. In order to generate gaseous K+ ions, KNO3 is placed in a small (2cc) quartz 
•boat' inside the calorimeter cell. The boat is heated, to increase the vapor concentration of KNO3, 
with a platinum filament, which is wound around toe boat A seco nd function of the platinum 
filament is to generate H-atoms. It is well known that hydrogen molecules in contact with a heated 
filament^iiu "d^^'^^i^^W^m^^^in^ioi^bya 
around the filament Thus, according to RM's model, in a cell containing KNO3 in the boat and 
vapor phase hydrogen, there is a small region in the boundary layer around the heated metal 
filament which should contain sufficient concentrations of both H-atoms and K+ ions for hydrino 
formation to occur. 

Calorimetric considerations require that a stable baseline exists before the heat generating 
process is initiated. Thus, signal change away from the baseline can be correlated to the onset of 
the process under investigation. In the present experiments the cell was run with KNQ3 in the boat 
and the filament fully •powered'. The calorimeter was allowed to equilibrate until a steady baseline 
existed. The 'hydrino formation' process was initiated by then adding gaseous hydrogen. Good 
calorimetric practice also requires that adequate control studies be carried out Also required are 

repeated electric calibrations. 

In the" present work, data is presented which indicates that significant heat evolved upon the 
introduction of hydrogen to the Calvet calorimeter celL In contrast, no heat was evolved upon the 
admission of helium. Repeated calibrations were also conducted. Thus, it appears that The RM 
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hypothesis is supported by the present results.. A more definitive statement must await repeats of 
these experiments, and the results of a few additional control experiments. 

An attempt was also made to employ the water bath calorimeter (see previous report to 
HPQ to detect excess heat Indeed, the positive results of the Calvet study present a staggering 
challenge to conventional physics. Challenges of this magnitude require enormous experimental 
support Thus, evidence of excess heat production from a second type of calorimeter would be 
useful. Unfortuitttely.tr* exr^^ However, there 

is reason to believe that catalyst concentration was low and thus the failure to observe excess heat 
does not disprove the Mill's hypothesis. 

EXPERIMENTAL SYSTEM 

r^^lorimeter . The Calvet-type calorimeter employed in this study is similar to one 
described in the literature (attached) and is also described in earlier reports to HPC (now BLP). In 
essence a stainless steel cup of almost exactly 20 erf volume is placed in a calorimeter well such 
that the cup is surrounded by thermopiles on its sides and bottom. The cup and calorimeter are 
surrounded by a thick layer of insulation, and the entire device is placed inside a commercial 
convection oven. In all cases experiments were conducted with the oven temperature set to 250 C. 

Action cell. For these experiments the top of the calorimeter cup/reactor cell was fitted 
with a Conflat knife edge flange. The top element of the flange is connected to a gas supply 
system outside the convection oven with a 0.5 cm OD ss tube, and with two welded vacuum high 
currentcopperfeedthroughs. The feedthroughs were connected on the cup side of the flange to a 
^ of 0.25 mm platinum wire approximately 18 anjr^ength. Fitted inside the coiled 
platinum was a small quartz boat into which 200 mg of powdered KNO3 were placed 

PU.mbinE. On me outside of the oven the gas feed through is co^mec^ 
hydrogen and helium tanks, a pressure gauge, and a standard vacuum roughing pump. It is 
notable that the gas lines were all well insulated, both inside the oven, and for about 50 cm outside 
the oven. 



The plumbing system was so arranged that the cell could be evacuated, and then isolated 
from the pump in such a way that hydrogen or helium could be added directly from high purity gas 
tanks. Great care was taken before the experiments were initialed to evacuate and flush the gas 
lines several times. It was also determined that the lines held gas pressure, with no loss in 
pressure, for several days. That is, there were no leaks. 

Water Bath Calorimeter. This instrument is described in detail in the previous report to 
HPC Two minor modifications were made for the present experiment First, to facilitate the 
decomposition of hydrogen, the center section of the mandrel was wrapped with a 60 cm length 
(about 8 cm of mandrel) of 0.25 mm diameter platinum wire. Second, in the center of this section 
the same quartz boat (again filled with about 200 mg of catalyst) used in the Calvet system, 
wrapped with the same coil of platinum wire, was inserted into the circuit (The experiment 
described was carried out after the completion of the Calvet system experiments.) 

RESULTS 

Calvet Calorimeter. The Calvet studies suggest large amounts of heat are generated upon 
the admission of hydrogen to the cell In contrast, virtually no heat is observed upon admission of 
helium to the cell. 

Calibration. The first tests performed on the Calvet system were electrical calibration 
experiments. The system was set-up for full experimentation: KNQ3 was in the boat, the system 
was evacuated, and 10 watts of steady power were supplied to the platinum coil After a steady 
baseline was achieved (approximately 10 hours after the oven was adjusted to 250 Q, the cell was 
isolated from the pump and the pressure allowed to equilibrate (approximately 100 Torr). This did 
not appear to impact the baseline in any fashion. The power supply was then adjusted to deliver an 
additional l<watt(ll wart rather than 10) for a specified time period The power was then returned 
to the original 10 watt setting. A typical response curve is shown in Figure 1. The area under the 
response curve can be used to obtain a calibration constant which relates signal area increase to the 
number of extra Joules delivered. This was done in four cases CTable I). As can be seen, there is 
some error (+/- 15%) in the calculated calibration constant. 
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Control Studies. Helium was admitted, approximately 10 psig, to the cell to test the impact 
of a change in pressure, and heat transfer characteristics on the response of the cell. The helium 
was admitted after the cell had been isolated from the pump for a considerable time and a steady . 
pressure (approximately 100 Torr) achieved. As can be seen in Figure 2a, the response was a 
short-lived small increase in output signal, followed by a relatively short time period during which 
the signal gradually returns to the original baseline. Within an hour the signal returned to the 

original baseline, with some drift evident. 

The response of the system is expected. The helium increases the rate of heat transfer away 
from the platinum filament, and heated boat Thus, the initial addition ofhelium to the system 
results in a temporary increase in the amount of heat raching the thermopiles. That is, the boat 
and the filament cool off, until such timeas the boat and filament have reached their new steady 
l^mp^^ 

mechanism. After the admission of helium most heat transfer is occurring by convection to the 
walls. Before the admission of helium a considerable fraction is by radiation. Radiative transfer of 
10 watts requires a higher filament/boat temperature than does convective heat transfer. 

Figure 2b illustrates again the impact of adding pressure, or removing gas, from the 
system. Upon the addition of helium mere is a very shortlived increase in heat reaching the 
thermopiles. Upon pumping there is a period of time, perhaps an hour, during which the heat 
signal goes below the baseline. This is consistent with the model in that pumping makes 
convective and diffusive heat transfer minimal. Virtually all heat transfer is by radiation, which 
requires that the filament/boat temperature increase. It takes some time for this new steady-state 
temperature to be reached 

PyHm ppn Admission. Hydrogen admission was carried out in much the same fashion as 
helium admis'sion. The cell reached an equilibrium pressure, approximately 100 Torr, and then 
hydrogen at 10 psig was admitted to the cell. The valve to the hydrogen source, which was a steel 
line 4 meters by 0.6 cm OD, was closed off by a valve in front of the regulator during admission. 
Moreover, it was open for only a couple of seconds in each case. This was done on three separate 
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occasions, and the signal that evolved in response to these three processes is recorded in Figures 3, 
4 and 5. One other observation recorded was that the pressure decreased gradually over time, such 
that after about an hour the pressure returned to the original equilibrium pressure of the cell. It 
must also be noted that the heat production was ended deliberately in all three cases by pumping the 
system to 5*10" 3 Torr. It is clear 'excess heat' evolution would have continued in all cases if the 
system had not been evacuated. 

It is expected that in the absence of reaction that the response of the cell to the addition of 
hydrogen would be similar to that observed for helium. Indeed, given that pressure measurements 
suggest that most hydrogen is adsorbed, or in some other fashion removed from the cell after an 
hour, even heat transfer effects should be totally transitory. Even in the event of reaction no more 
than a small heat signal is expected Indeed, a high end estimate is that 25 cm 3 of hydrogen at a 
temperature of 300 K and a pressure of 2 atmospheres entered the cell. This is equivalent to 2*10" 
3 moles of hydrogen. If all of mat hydrogen interacted with oxygen to form water only 510 J 
would be generated. It is possible to imagine that the hydrogen could interact with nitrogen in 
KNQ3 to form ammonia- Even less energy would evolve from this process. Thus, the largest 
heat peak might be expected to be 0.5 watts for 1000 seconds (approx. 17 minutes). A block of 
this size is marked on Figure 3. 

It is clear from figures 3, 4 and 5 that hydrogen admission to the cell apparently leads to far 
more energy evolution than can be explained by any conventional chemical process. It is 
interesting in this regard to graphically contrast the response of the system to helium admission to 
the response to that for hydrogen admission, this is done on Figure 6 in which Figure 3 and 
Figure 2a are superimposed 

Water Rath Calorimeter. Studies conducted with the water bath calorimeter do not indicate 
the evolution of any excess heaL As shown in Figure 7 the increase in temperature almost exactly 
parallels the increase predicted on the basis of the amount of energy added to the system and the 
known heat capacity of water. 



Do the results of the experiment refute the RM hypothesis? No. At the conclusion of the 
experiment the large cell was removed from the water bath and a white coating was seen on the 
walls in the vicinity of the pot which contained the KNO3. This suggests that the KNO3 was - 
rapidly cryopumped by the walls, and that the gas phase concentration of catalyst was too low to 
be effective. 

DISCUSSION 

The evidence presented in this report clearly suggests that an extraordinary phenomenon 
takes place upon the admission of hydrogen to a cell containing a heated platinum filament and 
KNO3. This phenomenon appears to generate a tremendous amount of 'excess' heat. Still, the 
author of this report urges that a cautious approach be taken at present Additional experimental 
work is required. A partial list of proposed additional experiments is given below. 

1) A control experimenting of adn^ lOwattsof 
power is applied to a platinum filament, but no KNO3 is present 

2) Hydrogen is admitted to a cell containing a platinum filament and KNO3 in a boat, but 
no power is applied to the filament 

3) The experiments are run as described in the present report, but the boat containing 
KNQ3 is at the bottom of the cell, rather than in the center of the platinum coiL 

4) The hydrogen admission experiments described above are repeated BUT continued for 
times sufficient to return the signal to the original baseline. 

In addition, modifications in the apparatus should be made. First, insulation should be 
addedtoimprovemestabiUtyofthebaseline. Second, a quality pressure gauge should be attached 
to a known volume outside the oven such that all uncertainty regarding the number of moles of 
hydrogen a<taitted to the ceU can be eUiniiuaei 

facilitate 'capture' of gas for analysis using gas chromatography. Fourth, provision should be 
rradetoperrrutpressmetoberecordedasafimctionoftime. 
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CALVET HEAT MEASUREMENTS OF THE HIGH TEMPERATURE VAPOR 

PHASE CELL 



A number of experimental observations from BlackLight Power and Pennsylvania State 
University lead to the conclusion that atomic hydrogen can acheive fractional quantum states 
that are at lower energies than the traditional "ground" (n= ) state which form the baas of a 
new hydrogen energy source. Certain inorganic ions which are proprietary to the BlackLigbt 
Power serve as transition catalysts which resonantly accept energy from hydrogen atoms and 
release the energy to the surroundings. The reaction of hydrogen to lower-energy states is 
referred to as a transition reaction. The transition catalyst should not be consumed m the 
reactioa It accepts energy from hydrogen and releases the energy to the ™ 
the transition catalyst returns to the original state. And, the energy released from hyctogen 
atoms is very large compared to conventional chemical reasons including the combustion of 
hydrogen. Multiple cycles of catalysis axe possible with increasing amounts of energy with 
successive cycles of transhioiis. 

The goal of this project is to perform precise Calvet calorimetric meaiure5eiits of a 
hydrogen gas energy reactor wherein the predicted exothermic reaction of electronic transitions 
of hydxogeTto lower energy states could be measured. This new reaction occurs in the gas 
phase of atomic hydrogen. If successful, the experiments should produce statistically sigmficant 
excess heat much greater than any known chemical reactions for hydrogett The extent wiU 
also vary the size Dength] of the platinum filament used in the reactor to dissociate the hydrogen 
molecules to make hydrogen atoms available for the anticipated catalytic transition to reduced 
energy states. The intent wffl be to demonstrate that heat generation from this reaction will be 
directly related to available hydrogen atoms, which should be generated at different rates by 
varying filament size while keeping all other controllable parameters constant [le; filament 
temperature, partial pressure of the catalyst, partial pressure of the Hi gas, vessel temperature 
and pressure, etc.] 

Vapor Phase Energy Cell , . 

The hydrogen gas energy reactor wherein the exothermic reaction of hydrogen occurs in 
the gas phase comprises a vacuum vessel; a source of hydrogen; a means to control the pressure 
and flow of hydrogen into the vessel; a material to dissociate the molecular hydrogen into 
atomic hydrogen, and a transition catalyst. The hydrogen transitions occur by contact of the 
hydrogen with the transition catalyst such that the resonant energy transfer occurs. TTie 
catalytic reaction rate is maximized in the gas phase. The gaseous transition catalyst includes 
ions that sublime, boil, and/or are volatile at the elevated operating temperature of some regions 
of the gas energy reactor. In this project, the source of hydrogen atoms in the gas phase 
comprises an external tank of pressurized hydrogen gas at room temperature conditions. 

Volatilized Transition Catalyst, K* /K+ , in a Gas Cell for a Calvet Calorimeter 

The transition reaction occurs in the gas phase. Gas phase hydrogen atoms are 
generated with a high purity platinum filament. The general cell schematic is shown in Figure 1 . 
The cell comprises a 20 cc stainless steel vessel capable of containing a vacuum or a pressure 
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above atmospheric. The cell is maintained at an elevated isothermal temperature by a forced 
convection oven. The operating temperature of the convection oven [and gas cell when no 
filaments are energized] is 250°C The cell is used in the vertical position and is inserted into a 
thermopile [13]. The flange [4] is sealed with a copper gasket [8] that has had its surface 
oxidized and softened by direct heating with a propane torch or oven. The flange has a'two 
hole Conax-Buffalo gland [6] for the leads [5] of the filament that is present during the 
calibration of the cell and varied in length for the experiments 1-3 of the reaction vessel. The 
flange [4] also has a 1/4" vacuum port through which the hydrogen is passed. The vaccum port 
connects to a Tee [3], a OE bellows valve, a pressure gauge, and then the hydrogen supply. 
The elbow port of the Tee [3] is attached to vacuum gauges, a bellows valve, and then a 
vacuum pump. The filament is platinum wire [0.25 mm diameter] of 99.99% purity. The 
lengths of the filament [and resulting surfece areas] are varied 20cm, 10cm and 30cm for 
experiments 1 through 3 respectively. 

A small ceramic vessel is secured at the base of the Calvet cell [by a nickle wire stand] 
which contains the catalyst potassium nitrate (KN03). A vacuum is pulled on the cell while the 
oven is brought to operating temperature. The appropriate power is dissipated in the filament at 
an established rate calculated to keep the filament surfece temperature constant [lOwatts for 
20cm., 5 watts for 10cm., 15 watts for 30cm.] The oven maintains the surrounding ambient 
temperature at 250°C. The catalyst's vapor pressure is observed as a function of temperature, 
and once Calvet cell reaches its steady state output at the supplied input energy, the vacuum 
pump is stopped and the catalyst pressure within the outlet tube [3] is observed to be constant in 
the range of about one-hundred to two-hundred torr. Hydrogen gas is then added to the cell to 
bring its overall total static pressure including the hydrogen pressure measured m the outlet tube 
[3] by the vacuum gauge to be 3 times the stable pressure of the catalyst (KN03). The data is 
recorded with a Macintosh based computer data acquisition system (Apple Quadra 800) and the 
following National Instruments, Inc. hardware: Lab-NB Data Acquisition Board; Back-Plane 
with amplifiers: (2) 1 0 m V to 5 V and (2) 50 mV to 5 V. 



NOTE: Minor Edits to Figure 1 below need to be made. 
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Figure 1. Schematic of the Gas Cell for the Calvet Calorimeter and CmtSedonl View of 
*Z rah/et Calorimeter 1 - (1/16)" OD stainless steel tube (to hydrogen supply). 2 - 
SS SSSS union 3 -% 4 f OD stainless steel tube (to = manifoW). 4 - cel. 
lid 5 - filament leads, 6 - Conax-Buffalo gland. 7 - precision res*tor. 0.1 mm OD 
uien fiTament, or'nickel hydride filament treated with cata^ 8 - copper nng gasket,- 
9 - cell body. 10 - Calvet Calorimeter. 1 1 - thermopile signal output. 12 - thermal shunt. 
1 3 - thermopile, 14 - insulated calorimeter base. 




Sequence of Controls and Experiments 

Control #1 

Install 20 cm Platinum [Alfa] filament, 0.25mm diameter in Reaction Vessel 
Warm up oven Temperature 250°C. 
Filament input wattage = 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture: 
Stabilize Oven and Vessel Temperature to 250°C. 
Close all valves and vacuum pump. 
Inlet H2 gas to 650 torr pressure. 

Run Cab"bration #1 through full sequence allowing Calvet Cell to reach steady state output [Vc] 
for each power level shown below: 

0 watts, 10 watts, 11 watts, 5 watts, 6 watts, 15 watts, 16 watts, 0 watts, 1 watt. 
Develop BEFORE' Calibration Curve. 

Experiment #1 

Install New 20 cm Platinum [Aldrich] Filament [99.99% purity], 0.25 mm diameter 

Weigh approx. 0.25 grams of KN03 and place in ceramic boat 

Support boat via nickle wire support legs 

Reassemble reaction vessel 

Pressure check Calvet and all gas & vacuum lines 

Insulate Calvet Calorimeter close oven 

Warm up oven Temperature 250°C. 

Filament input wattage - 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 

Close all valves and vacuum pump. 

Stabilize Oven and Vessel Temperature to 250°C. 

Observe catalyst vapor pressure steady state [100-200 torr] 

Begin Experiment #1 by Increasing Filament Power Level to that shown below: 

10 watts 

Inlet H2 gas to bring vessel to 3 times overall catalyst steady state pressure. |le; if catalyst 
pressure is 200 torr add 400 torr of H2 gas to bring Calvet to 600 torr. 
Wait 5 mitnitre for mixing to occur. 

Slowly vacuum down Vessel to 30-70 mtorr level until excess heat formation commences. 
Keep Vessel under vacuum to maintain 'active' pressure regime [ie; 38 mtorr, 70 mtorr, etc.] 
Stabilize Readings and Develop Experimental Data Curves. 
Save Data Acquisition System [DAS] file dairy, using the same standard naming 
convention: tpdate[mmddyy] time[930a] watt[7w] id[h] 

Take 1 or 2 new data points [controls] to develop specific curve after reaction ceases. 
OPTION 1 : Close valve to Vacuum to quench reaction if required. 

OPTION 2: Repeat experiment if it is believed that catalyst pressure is inadequate or hydrogen 
atom generation is compromised 
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Experiment #2 

Install New 10 cm Platinum [Aldrich] Filament [99.99% purity], 0.25 mm diameter 

Weigh approx. 0.25 grams of KN03 and place in ceramic boat 

Support boat via niclde wire support legs 

Reassemble reaction vessel 

Pressure check Calvet and all gas & vacuum lines 

Insulate Calvet Calorimeter close oven 

Warm up oven Temperature 250°C. 

Filament input wattage = 0 

Vacuum down pressure in Reaction Vessel below 1 0 mtorr to remove moisture. 

Close all valves and vacuum pump. 

Stabilize Oven and Vessel Temperature to 250°C. 

Observe catalyst vapor pressure steady state [100-200 torr] 

Begin Experiment #1 by Increasing Filament Power Level to that shown below: 

InSm gas to bring vessel to 3 times overall catalyst steady state pressure. [Ie; if catalyst 
pressure is 200 torr add 400 torr of H2 gas to bring Calvet to 600 torr. 
Wait 5 minutes for mixing to occur. 

Slowly vacuum down Vessel to 30-70 mtorr level until excess heat formation commences. 
Keep Vessel under vacuum to maintain 'active' pressure regime [ie; 38 mtorr, 70 mtorr, etc. j 
Stabilize Readings and Develop Experimental Data Curves. 
Save Data Acquisition System [DAS] file daily, using the same standard naming 
convention: tpdate[mmddyy] time[930a] watt[7w] id[h] 

Take 1 or 2 new data points [controls] to develop specific curve after reaction ceases. 
OPTION 1* Close valve to Vacuum to quench reaction if required. 

OPTION 2 : Repeat experiment if it is believed that catalyst pressure is inadequate or hydrogen 
atom generation is compromised 



Experiment #3 

Install New 30 cm Platinum [Aldrich] Filament [99.99% purity], 0.25 mm diamel 

Weigh approx. 0.25 grams of KN03 and place in ceramic boat 

Support boat via niclde wire support legs 

Reassemble reaction vessel 

Pressure check Calvet and all gas & vacuum lines 

Insulate Calvet Calorimeter dose oven 

Warm up oven Temperature 250°C. 

Filament input wattage = 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 

Close all valves and vacuum pump. 

Stabilize Oven and Vessel Temperature to 250°C. 

Observe catalyst vapor pressure steady state [100-200 torr] 
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Begin Experiment #1 by Increasing Filament Power Level to that shown below: 
15 watts 

Inlet H2 gas to bring vessel to 3 times overall catalyst steady state pressure. [Ie; if catalyst 
pressure is 200 torr add 400 torr of H2 gas to bring Calvet to 600 torr. 
Wait 5 minutes for mixing to occur. 

Slowly vacuum down Vessel to 30-70 mtorr level until excess heat formation commences. 
Keep Vessel under vacuum to maintain 'active' pressure regime [ie; 38 mtorr, 70 mtorr, etc.] 
Stabilize Readings and Develop Experimental Data Curves. 
Save Data Acquisition System [DAS] file dairy, using the same standard naming 
convention: tpdate[mmddyy] time[930a] watt[7w] id[h] 

Take 1 or 2 new data points [controls] to develop specific curve after reaction ceases. 
OPTION 1: Close valve to Vacuum to quench reaction if required. 

OPTION 2: Repeat experiment if h is believed that catalyst pressure is inadequate or hydrogen 
atom generation is compromised 

Control #2 

Install New3 20 cm Platinum [Aldrich] filament [99.99% purity], 0.25mm diameter in Vessel 
Warm up oven Temperature 250°C. 
Filament input wattage - 0 

Vacuum down pressure in Reaction Vessel below 10 mtorr to remove moisture. 
Stabilize Oven and Vessel Temperature to 250°C. 
Close all valves and vacuum pump. 
Inlet H2 gas to 650 torr pressure. 
Vacuum down to 40-100 mtorr range. 

Run Calibration #2 through full sequence to steady state at each power level shown below: 
0 watts, 10 watts, 11 watts, 5 watts, 6 watts, 15 watts, 16 watts, 0 watts, 1 watt, [add any new 
points determined via Experiments 1-3 then repeat sequence above] 
Develop •AFTER* Calibration Curve. 
Compare Calibration Curves •Before' and 'After* 
Analyze and Report on Results Based upon above 



final revised 12 April 1997 

developed by: William Good - Blacklight Power 
Peter Jansson - Atlantic Energy 
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The series CR-100 Microcalorimeters provide an accurate 
measurement of radioisotope heat release rates. 
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PRINCIPLE 

The thermal gradient cslcrimeter transfers -all -the 
heat developed in a reaction to its surroundsig heat 
sink at a constant temperature. The calorimeter 
walls thermoeiectricaily transduce sample heat 
release into an electrical signal which is directly 
proportional to the energy release of the source. 
Transient as well as steady state energy releases 
may be measured. 



FEATURES 

• Whole body heat release measurements 

• Microwatt to kilowatt sample output 

• rfigh sensitivities and repeatatfifity 

• Linear output 

• Transient and steady state response 

• Wide temperature range 

• Simple Tn-sfcu* recaGbration 
' • No excitation required 

SPECIFICATIONS 



to 15 mSfiwatts per mBtiuott 



TemperatBre range: 

Cryogenic co 60O°F 



tb sec. to 10 min. 



toWtorr. 



1QQto7500Q 



to 05% 



not required 



CONSTPUCTIOISI 

The calonmeter walls are composed of a thin, high 
temperature thermopile structure containing 
thousands of junctions. One set of junctions is in 
thermal contact with 
one wall surface, and 
the other set is in con- 
tact wfch the opposite 
surface. As heat flows 
through the walls, 
(Rg. 1) a temperature 
difference is estab- 
lished between both 
sets of thermopile 
junctions, thus gener- 
ating a voltage which 
is drectiy proportional 
to the heat flow. The 
large number of ther- 
mopiles develop extreme sensitivity to minute heat 
flows. Calorimeters are constructed in a range of 
designs incorporating large sample chambers for 
high heat fluxes (cover) or small sample chambers 
capable of measuring tow heat releases (figure 2). 




Figtre 1 




Heat Soto 

tttCROCAUKOOBlttR RAOtaSCTOPE 



Aluminum, stainless steels, copper, composites 



CALIBRATION 

Each calorimeter is calibrated at a base tempera- 
ture of 70° F by a known, electrical heat source in 
thermal equilibrium with the system. 
The calibration constant is expressed in terms of 
wattage input versus millivolt output. A tempera- 
ture correction curve is also supplied for use at 
elevated temperatures. 



Figures 



APPLICATIONS 

The CR-100 Series calorimeters are designed to 
measure both micnocaloric and n^crocaloric heat 
release from pure or mixed radioisotopes. The 
magnitude of the generated signal is strictly pro- 
portional to the mean intensity of the sampte. 

Other applications include: physical, chemical and 
biological thennogenesis, specific heats, heats of 
fusion and reaction. 

EXAMPLE OF 
OPERATION 

Reactive materials are placed in a suitable container 
within the calorimeter sample chamber and permit- 
ted to reach equiBbrium. To decrease the equilibri- 
um time, it is desirable to heat sink the container to 
the sample chamber wafi. The cakyimeter should be 
situated hi a constant temperature environment 
cooled either by gas or Squids. The time required for 
the caiorrneter assembly to attain thermal eo^sHbri- 
um is a function of the conekjcovity and size of the 
sample, the thermal contact at the sample chamber 
wall, calorimeter wall characteristics, and the exter- 
na! cooling rate. 

At thermal ec^ilitrium, the output signal will reach 
s mean steady state value which is proportional to 
the total heat release from the sample. With the 
known calibration constant [miirfwatts/rnHfivofc] , the 
total heat fiberatton rate is accurately determined. 
For radioisotopes with mean decay rates greater 
man calorimeter response time, the signal is pro- 
portional to ratSoisotope sample decay ERgure 33. 




Bgire 3 



MICROWATT 
DETERMINATIONS 

To measure niicrowatt heat flow accurately, it is 
necessary to provide a stable, cooling environment. 



However, most constant ternpesature cootfr^jt&jEhs 
exhibit small fluctuations which may generate 
signals the same order of magnitude ss?those 
produced by the sample. To avoid this large noise 
to signal ratio, a temperature compensated enclo- 
sure has been developed (Figure 41 This double 




cup system contains both an active and passive 
chamber having matched sahsitwities in opposito. 
Thus, spurious, external temperature Actuations 
are compensated for, and only the heat release 
from the' sample source is detected. 

compensate© 



Figure 4 
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* Models CR-100-1 and CA-100-2 are also available for 600°F operating temperature 3t reduced sensitivities. 



OTHER !T1 THERIVIAL. 
INSTPUMENTS 

Thermal ConduG&nfy Apparatus, Heat flux Meters. HEAT- 
PROBE***, Accelerator target Calorimeters, Radiometers, 
Thermal Flux Sta ndards . 



READOUT 
INSTRUMENTATION 

Suitable readouts for all CR-1O0 models include: millivolt 
potentionTeters/recorTiers. data loggers, or rjorwentional D.C. 
mSUvolt meters. 

ORDERING INFORMATION 

Defivery: 6-8 weeks, ARO 
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Terms r^3Qdayst©esTabfisr^cusfjQr^ 
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COMPAKY P.O. Box 309, Dei Mar, California. 32014 (619)755*4436 
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Figure 1. Scale Drawing of Calorimeter Assembly 
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SUMMARY 



Tests for heat production associated with hydrino formation were carried out with two 
types of calorimeters during the period October-December 1996. Experiments carried out in a 
modified Calvet system yielded extremely exciting results. Specifically, initial results are 
apparently completely consistent with the Mill's Hydrino formation hypothesis. In three separate 
trials between 10 and 20 K Joules were generated at a rate of 0.5 Watts, upon the admission of 
approximately 10* 3 moles of hydrogen to the 20 cm 3 Calvet cell containing a heated platinum 
filament and KNO3 powder. This is equivalent to the generation of 1* 10 7 J/mole of hydrogen, as 
compared to 2.5 'MO 5 J/mole of hydrogen anticipated from standard hydrogen combustion. Thus, 
the total heats generated appear to be two orders of magnitude too large to be explained by 
conventional chemistry, but the results are completely consistent with the Mill's model. It must be 
noted that although the results presented in this report are very exciting , they require further 
verification. Moreover, it should be noted that some control studies are not yet complete. 

Also included is a brief report on an attempt to replicate the Calvet cell results on a larger 
scale using the water bath calorimeter (described in some detail in an earlier report). 
Unfortunately, no evidence of 'excess heat production' was found This can be linked to a failure 
to maintain the catalyst ions (K+ ) in the vapor phase. Specifically, it is hypothesized that the 
KNO3 catalyst evaporated from the containing pot at the reactor center, where the temperature is 
high, and deposited on the reactor walls, which are cold due to immediate contact with the 
calorimeter water bath. (That is, the catalytic material is 'cryo-pumped' by the cold walls.) 
Indeed, at the conclusion of the experiment, when the reactor was removed from the water bath, 
the walls of the quartz reactor were observed to be white in the general vicinity of the pot which 
* contained the KNO3. 




INTRODUCTION 

Experiments were conducted to test the hypothesis that in the gas phase potassium ions will 
catalyze the conversion of hydrogen atoms to hydrino atoms. These experiments were initially 
carried out in a Calvet cell as this type of calorimeter is highly sensitive and accurate. Moreover, 
the conditions of the calorimeter are controlled. 

RM's theory of hydrino formation requires that both K+ ions and H-atoms are present in 
the gas phase. In order to generate gaseous K+ ions, KNO3 is placed in a small (2cc) quartz 
'boat' inside the calorimeter cell. The boat is heated, to increase the vapor concentration of KNO3, 
with a platinum filament, which is wound around the boat A second function of the platinum 
filament is to generate H-atoms. It is well known that hydrogen molecules in contact with a heated 
filament will decompose, yielding a relatively high H-atom concentration in the boundary layer 
around the filament Thus, according to RM' s model, in a cell containing KNO3 in the boat and 
vapor phase hydrogen, there is a small region in the boundary layer around the heated metal 
filament which should contain sufficient concentrations of both H-atoms and K+ ions for hydrino 
formation to occur. 

Calorimetric considerations require that a stable baseline exists before the heat generating 
process is initiated. Thus, signal change away from the baseline can be correlated to the onset of 
the process under investigation. In the present experiments the cell was run with KNO3 in the boat 
and the filament fully 4 powered\ The calorimeter was allowed to equilibrate until a steady baseline 
existed. The 'hydrino formation* process was initiated by then adding gaseous hydrogen. Good 
calorimetric practice also requires that adequate control studies be carried out Also required are 
repeated electric calibrations. 

In the present work, data is presented which indicates that significant heat evolved upon the 
introduction of hydrogen to the Calvet calorimeter celL In contrast, no heat was evolved upon the 
admission of helium. Repeated calibrations were also conducted Thus, it appears that The RM 
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hypothesis is supported by the present results.. A more definitive statement must await repeats of 
these experiments, and the results of a few additional control experiments. 

An attempt was also made to employ the water bath calorimeter (see previous report to 
HPQ to detect excess heat Indeed, the positive results of the Calvet study present a staggering 
challenge to conventional physics. Challenges of this magnitude require enormous experimental 
support Thus, evidence of excess heat production from a second type of calorimeter would be 
useful. Unfortunately, the experiment failed to yield any evidence of excess heat However, there 
is reason to believe that catalyst concentration was low and thus the failure to observe excess heat 
does not disprove the Mill's hypothesis. 

EXPERIMENTAL SYSTEM 

Calvet Calorimeter . The Calvet-type calorimeter employed in this study is similar to one 
described in the literature (attached) and is also described in earlier reports to HPC (now BLP). In 
. essence a stainless steel cup of almost exactly 20 cm 3 volume is placed in a calorimeter well such 
that the cup is, surrounded by thermopiles on its sides and bottom. The cup and calorimeter are 
surrounded by a thick layer of insulation, and the entire device is placed inside a commercial 
convection oven. In all cases experiments were conducted with the oven temperature set to 250 C. 

Reaction cell For these experiments the top of the calorimeter cup/reactor cell was fitted 
with a Conflat knife edge flange. The top element of the flange is connected to a gas supply 
system outside the convection oven with a 0.5 cm OD ss tube, and with two welded vacuum high 
current copper feedthroughs. The feedthroughs were connected on the cup side of the flange to a 
coiled section of 0.25 mm platinum wire approximately 18 cm in length. Fitted inside the coiled 
platinum was a small quartz boat into which 200 mg of powdered KNO3 were placed. 

Plumbing. On the outside of the oven the gas feed through is connected to a line leading to 
hydrogen and helium tanks, a pressure gauge, and a standard vacuum roughing pump. It is 
notable that the gas lines were all well insulated, both inside the oven, and for about 50 cm outside 
the oven. 



The plumbing system was so arranged that the cell could be evacuated, and then isolated 
from the pump in such a way that hydrogen or helium could be added directly from high purity gas 
tanks. Great care was taken before the experiments were initiated to evacuate and flush the gas 
lines several times. It was also determined that the lines held gas pressure, with no loss in 
pressure, for several days. That is, there were no leaks. 

Water Rath Calorimeter. This instrument is described in detail in the previous report to 
HPC. Two minor modifications were made for the present experiment. First, to facilitate the 
decomposition of hydrogen, the center section of the mandrel was wrapped with a 60 cm length 
(about 8 cm of mandrel) of 0.25 mm diameter platinum wire. Second, in the center of this section 
the same quartz boat (again filled with about 200 mg of catalyst) used in the Calvet system, 
wrapped with the same coil of platinum wire, was inserted into the circuit. (The experiment 
described was carried out after the completion of the Calvet system experiments.) 

RESULTS 

Calvet Calorimeter. The Calvet studies suggest large amounts of heat are generated upon 
the admission of hydrogen to the cell In contrast, virtually no heat is observed upon admission of 
helium to the cell. 

Calibration. The first tests performed on the Calvet system were electrical calibration 
experiments. The system was set-up for full experimentation: KNO3 was in the boat, the system 
was evacuated, and 10 watts of steady power were supplied to the platinum coiL After a steady 
baseline was achieved (approximately 10 hours after the oven was adjusted to 250 Q, the cell was 
isolated from the pump and the pressure allowed to equilibrate (approximately 100 Torr). This did 
not appear to impact the baseline in any fashion. The power supply was then adjusted to deliver an 
additional 1 watt (1 1 watt rather than 10) for a specified time period The power was then returned 
to the original 10 watt setting. A typical response curve is shown in Figure 1. The area under the 
response curve can be used to obtain a calibration constant which relates signal area increase to the 
number of extra Joules delivered. This was done in four cases (Table I). As can be seen, there is 
some error (+/- 15%) in the calculated calibration constant 
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rnntrol Studies. Helium was admitted, approximately 10 psig, to the cell to test the impact 
of a change in pressure, and heat transfer characteristics on the response of the cell. The helium 
was admitted after the cell had been isolated from the pump for a considerable time and a steady 
pressure (approximately 100 Torr) achieved As can be seen in Figure 2a, the response was a 
short-lived small increase in output signal, followed by a relatively short time period during which 
the signal gradually returns to the original baseline. Within an hour the signal returned to the 
original baseline, with some drift evident 

The response of the system is expected. The helium increases the rate of heat transfer away 
from the platinum filament, and heated boat Thus, the initial addition of helium to the system 
results in a temporary increase in the amount of heat reaching the thermopiles. That is, the boat 
and the filament cool off, until such time as the boat and filament have reached their new steady 
state temperatures. The steady state temperature of boat and filament are a function of heat transfer 
mechanism. After the admission of helium most heat transfer is occurring by convection to the 
> walls. Before the admission of helium a considerable fraction is by radiation. Radiative transfer of 
10 watts requires a higher filament/boat temperature than does convective heat transfer. 

Figure 2b illustrates again the impact of adding pressure, or removing gas, from the 
system. Upon the addition of helium there is a very short lived increase in heat reaching the 
thermopiles. Upon pumping there is a period of time, perhaps an hour, during which the heat 
signal goes below the baseline. This is consistent with the model in that pumping makes 
convective and diffusive heat transfer minimal. Virtually all heat transfer is by radiation, which 
requires that the filament/boat temperature increase. It takes some time for this new steady-state 
temperature to be reached. 

Hydrogen Admission. Hydrogen admission was carried out in much the same fashion as 
helium admission. The cell reached an equilibrium pressure, approximately 100 Torr, and then 
hydrogen at 10 psig was admitted to the cell. The valve to the hydrogen source, which was a steel 
line 4 meters by 0.6 cm OD, was closed off by a valve in front of the regulator during admission. 
Moreover, it was open for only a couple of seconds in each case. This was done on three separate 




occasions, and the signal that evolved in response to these three processes is recorded in Figures 3, 
4 and 5. One other observation recorded was that the pressure decreased gradually over time, such 
that after about an hour the pressure returned to the original equilibrium pressure of the cell. It 
must also be noted that the heat production was ended deliberately in all three cases by pumping the 
system to 5*10- 3 Torr. It is clear 'excess heat' evolution would have continued in all cases if the 
system had not been evacuated 

It is expected that in the absence of reaction that the response of the ceD to the addition of 
hydrogen would be similar to that observed for helium. Indeed, given that pressure measurements 
suggest that most hydrogen is adsorbed, or in some other fashion removed from the cell after an 
hour, even heat transfer effects should be totally transitory. Even in the event of reaction no more 
than a small heat signal is expected. Indeed, a high end estimate is that 25 cm 3 of hydrogen at a 
temperature of 300 K and a pressure of 2 atmospheres entered the cell. This is equivalent to 2* 10" 
3 moles of hydrogen. If all of that hydrogen interacted with oxygen to form water only 510 J 
* would be generated. It is possible to imagine that the hydrogen could interact with nitrogen in 
KNO3 to form ammonia. Even less energy would evolve from this process. Thus, the largest 
heat peak might be expected to be 0.5 watts for 1000 seconds (approx. 17 minutes). A block of 
this size is marked on Figure 3. 

It is clear from figures 3, 4 and 5 that hydrogen admission to the cell apparently leads to far 
more energy evolution than can be explained by any conventional chemical process. It is 
interesting in this regard to graphically contrast the response of the system to helium admission to 
the response to that for hydrogen admission. This is done on Figure 6 in which Figure 3 and 
Figure 2a are superimposed. 

Water Bath Calorimeter. Studies conducted with the water bath calorimeter do not indicate 
the evolution of any excess heat As shown in Figure 7 the increase in temperature almost exactly 
parallels the increase predicted on the basis of the amount of energy added to the system and the 
known heat capacity of water. 
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Do the results of the experiment refute the RM hypothesis? No. At the conclusion of the 
experiment the large cell was removed from the water bath and a white coating was seen on the 
walls in the vicinity of the pot which contained the KNO3. This suggests that the KNO3 was 
rapidly cryopumped by the walls, and that the gas phase concentration of catalyst was too low to 
be effective. 

DISCUSSION 

The evidence presented in this report clearly suggests that an extraordinary phenomenon 
takes place upon the admission of hydrogen to a cell containing a heated platinum filament and 
KNO3. This phenomenon appears to generate a tremendous amount of 'excess' heat Still, the 
author of this report urges that a cautious approach be taken at present Additional experimental 
work is required A partial list of proposed additional experiments is given below: 

1) A control experiment consisting of admission of hydrogen to a cell in which 10 watts of 
power is applied to a platinum filament, but no KNO3 is present 

2) Hydrogen is admitted to a cell containing a platinum filament and KNO3 in a boat, but 
no power is applied to the filament 

3) The experiments are run as described in the present report, but the boat containing 
KNO3 is at the bottom of the cell, rather than in the center of the platinum coiL 

4) The hydrogen admission experiments described above are repeated BUT continued for 
times sufficient to return the signal to the original baseline. 

In addition, modifications in the apparatus should be made. First, insulation should be 
added to improve the stability of the baseline. Second, a quality pressure gauge should be attached 
to a known volume outside the oven such that all uncertainty regarding the number of moles of 
hydrogen admitted to the cell can be eUminated. Third, the plumbing should be re-arranged to 
facilitate 'capture* of gas for analysis using gas chromatography. Fourth, provision should be 
made to permit pressure to be recorded as a function of time. 
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INTRODUCTION 

Repeated ly during the period from June to October 1995 apparent •anomalous" heat was 
observed using one class of catalytic materials supplied by HCP corporation. Specifically, heats 
were observed, calorimetrically, of a magnitude not readily explained by conventional chemiary 
when pure hydrogen streams of about two atmosphere pressure were passed over the catalytic 
materials. The successful catalysts in all cases were physical mixtures of two materials: carbon 
supported potassium nitrate and carbon supported platinum. 

The current report regards efforts to test four hypotheses. First, that HCP has mastered 
procedures which insure anomalous hea, can be repeatedly obtained. Second, to illustrate that the 
choice of the carbon employed as a support has a small, but measurable, impact on the procedure 
for generating anomalous heat Tnird, to demonstrate that the choice of noble metal can also 

marginally impact the process. 

The fourth hypothesis is more complex. It is ma, the model of potassium transformation 
postulated in earlier reports is correct That mode, cons.sts of three parts, (i) Potassium nitrate is 
gradually reduced «o potassium metal in the cell during the time that anomalous heat is observed. 
(ii) Once me potassium is fully reduced, heal evolution ceases. (Hi) Potassium oxide (KO2 or 
KOH) only forms upon air exposure. Tests were designed to allow the testing of this mode, using 
weight loss, calorimetric measurement of heat evolution from oxygen exposure after catalyst de- 

activation, and x-ray studies. 

Three samples were studied. Tne first sample discussed in mis report was different than 
those studied previously for two reasons: (i)the support was changed to a commercial •charcoal 

the noble metal in the mix was palladium rather than platinum. The other two samples were 
prepared on the •standard' support material. Grade GTA Grafoil (Trademark, Union Carbide), a 
moderate surface area, high purity, graphitic material. However, changes were made in the 
composition of these catalytic mixtures as weU. Carbon supported palladium, rather than carbon 
supported platinum, was mixed with these samples. 



All three samples produced "anomalous' heat. On the basis of these results it is clear that 
HCP has developed procedures which allow the repeated observation of 'anomalous 1 heat, which 
can be observed in different laboratories. Yet, it was found that the identity of the support material 
does impact the result. In order to obtain anomalous heat from a charcoal supported sample it was 
necessary to operate at a higher temperature. The use of palladium rather than platinum also 
appears to have some impact. The two graphite supported samples contained palladium almost 
immediately produced heat upon the introduction of hydrogen at 125 C. Generally with platinum 
containing mixtures there was a lengthy 'induction' period, and in most cases a temperature higher 
than 125 C was required to insure the observation of anomalous heat. 

Some NOVEL tests were carried out with the two Grafoil supported samples to lest the 
model of potassium transformation. Specifically, careful measures of weight loss and careful 
calorimetric measures of heat evolution (only one sample) during oxygen exposure of the 
deactivated catalyst were carried out The values obtained were in close agreement with the 
postulated transformations. Specifically the weight loss and the heat observed during oxygen 
exposure of the deactivated catalyst were near values anticipated on the basis of the model and the 
x-ray resulls. 

In sum, the present results contain two important findings. First, HCP can produce 
catalysts which repeatedly yield anomalous heat, and second, the model of potassium 
transformation is consistent with all measures. The latter finding has particular significance as it 
gives additional credence to the claim that anomalous heat is observed. Indeed, the heat anticipated 
for the over-all conversion of KNO3 lo KO2 or KOH, even accompanied by the creation of water 
and ammonia, is only weakly exothermic. The actual heat observed was significantly more than 
that anticipated from conventional chemistry. If these findings can be repeated (twice) and if 
DIRECT evidence of the conversion of the potassium to a zero valent state during hydrogen flow 
can be obtained (e.g. in situ x-ray) these findings can be made the basis of an article for the peer- 
reviewed scientific literature. 




1, must be emphasized that caiori metric measures alone are somewhat ambiguous and that 
in sim x-ray studies are strongly advised before sending the material for publication. It is also 
recommended that 'control studies" be carried out In the absence of a noble metal it is likely that 
potassium nitrate will follow the same decomposition course, but the process should yield an 
endotherm, rather than a strong exotherm. 

Finally, it must be noted the results of even the most careful calorimetric, x-ray and weigh, 
change experiments will not serve as a proof of the existence of hydrinos. Results from our lab 
will only provide strong evidence that heats tugher than predicted by conventional chemistry are 
observed in the dry HCP cells. 



EXPERIMENTAL 

All experimental procedures and equipment was identical to that described in earlier reports 
with two exceptions: (i) a new BLUE M furnace was employed, (ii) a gas sampling system on the 
exit line was employed. Neither change should have any impact on the calorimetric studies. 



RESULTS 

SAMPLE 1 1 1395A - The sample contains 5.9567 gms of total material, and was 
nominally 43 percent by weight potassium nitrate (2.56 gms or 0.0253 mo.es KNO3). The support 
in this case was an activated charcoal obtained from Alpha Chemical. Charcoal loaded potassium 
made up 97% of the material, and the remaining 3% of the material was carbon supported 
palladium. 

Previous experience with these samples at HCP indicated that heat is only observed at 200 
C. Thus, after testing the calorimeter (Fig. 21-1) and baseline stabilization at 200 C in flowing 
helium (Fig. 21-2) hydrogen was introduced at 200 C. Almost immediate.y, a peak characterise 
of hydride formation was detected (Fig. 21-3). 

The signal decayed more gradually than usual for ■hydride- formation, and in fact, before 
reaching the original baseline the signal strength began a sharp climb in value. As shown in Figure 



21-4 about 18 K seconds after hydrogen was first admitted the signal strength increased. In fact, 
about 24 K seconds after the increase began the signal saturated the amplifier (Figure 21-4). In 
fact, for almost 28 K sec. (approx. 7.5 hrs), the signal strength was higher than that computed for 
complete hydrogen conversion to water (0.24 Watts at a total flow rate of 2. 1 6 ml/min at 300 K 
and 1 atmosphere of pressure). As usual, the signal gradually decayed to zero (Figs. 21-5,6,7). 

The total heat produced before the signal decayed to zero was at least 23.4 kJ, or 
equivalent^ a minimum of 925 kJ was generated per mole of potassium. The actual heat 
generation was clearly higher as the amplifier saturated for about 6 K sec (Figure 21-4). Weight 
loss was also carefully determined. It was found to be 1 .032 gms. Computations of the heat 
which would be generated by conventional chemistry were made. Only models consistent with the 
measured weight loss, and the x-ray analyses were considered. As discussed later the most likely 
set of reactions (Reaction Sequence I) is as follows: 

KNO3 --> K + 1/2 N2 + 3/2 02 AH=+1 18.08 kcal/mole 

H2 + 1/2 02 --> H20 AH= -57.08 kcal/mole 

1/2 N2 ♦ 3/2 02 "> NH3 AH = ~ w - 96 kcal/mole 

For a sum reaction: 

5/2 H2 + KNO3 --> K + H2O + NH3 + O2 AH= +49.32 kcal/mole 

This 'most likely" chemistry indicates that the reduction of the nitrate to the metallic state is an 
ENDOTHERMIC process. Rather than observing heat evolution, heat should have been absorbed 
during the reduction process: 



(49.32 Kcal/mol )« (4.184 kJ/1 kcal) * (0.0253 moles) = 5.22 kJ 



CI 

can 



Thus, there is a difference of more than 28 kJ between the observed process and the heat 
anticipated on the basis of the 'most likely' chemistry. 

Not all of the data fully supported the Reaction Sequence 1 (RS 1) model. First, the weight 
hange was greater than predicted, and second the x-ray work showed that KQ2 (not potassium 
etal) was present after the reaction was completed and the sample exposed to air. Both findings 
be partially explained by the fact that air exposure of fully reduced and well dispersed 
potassium should lead to a rapid exothermic process in which potassium metal is converted to KO2 
and concomitantly heat is generated. That is, following the formation of potassium metal it is likely 
two additional reactions (RS II) took place upon air exposure: 

K + 02 --> KO2 AH= -68. 1 kcal/mole 

C +O2 --> CO2 AH= -94.05 kcal/mole 

If both RS I and II took place the mass loss associated with the net process would be that 
of one N atom and one O atom for each molecule of KNO3 initially present. On this basis, and 
given the fact that 0.0253 mole of nitrate were initially present, the anticipated weight loss is: 0.76 
gms. The measured weight change was -1.033 gms. (In fact, the above measure probably slightly 
overstates the weight loss as some sample is invariably lost during the two transfer processes 
between measurements: transfer to the calorimeter at the beginning, and transfer from the 
calorimeter at the end.) On this basis it is postulated that 0.273 gms were lost via the formation of 
carbon dioxide. The process of carbon dioxide formation that would use up 0.273 gms of carbon 
would yield a heat of 8.95 kJ. 

In order to explain observed heats it is always reasonable to postulate chemistry different 
from the 'most likely' scenario (RS T). For example, if RS I and II both ,00k place in the cell prior 
to air exposure (potassium oxide and carbon dioxide being the final products) a total of 10.94 kJ of 
heat would be generated. This is considerably less than that observed experimentally (23.4 kJ), 
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but not enough less that one could comfortably claim anomalous heat production. Moreover, this 
proposed sequence (1 + II) is consistent with the x-ray data, as well as with the observed weight 
loss. 

Other reaction processes are also consistent with the x-ray data. It appears that these other 
reactions ALL yield heats LESS THAN that for RS I plus RS II.. For example: 

KNO3 + H2 -> KO2 + H2O + 1/2 N2 AH= -7.82 kcal/mole 

This reaction only yields 0.83 kJ for the number of moles of nitrate initially present If this 
reaction occurred and carbon dioxide formation in the cell accounted for the remaining mass loss 
than a total of 9.78 kJ would be observed. Again, the computed total heat evolution is within a 
factor of 3 of that measured experimentally. 

Given the composition of the catalyst, it is clear the greatest heat generation per gram would 
occur via the direct combustion of carbon. Indeed, if all the weight loss were associated with CO2 
formation the heat evolved would be 33.04 kJ for a weight loss of 1 .03 gms. This would clearly 
account for all the observed heat, as well as the weight change. It is not consistent with the x-ray 
results, or gas phase chemical analysis reported by HCP. 

As shown in the x-ray results the sample prior to treatment consists primarily of carbon and 
potassium nitrate. The 'Before' results do indicate the limitations of X-ray analysis. For example, 
even lines from palladium, an element known to be present, cannot be found. Still, the comment 
that carbon and potassium nitrate are the predominant species initially present is undoubtedly 
correct (21-8, 21-9, 21-10). It is also clear that following the deactivation of the catalyst and is 
subsequent exposure to air the predominant potassium phase is KO2. 

In sum, the above analysis indicates that additional data must be collected which limits the 
number of reasonable reaction sequences. The gas phase analysis conducted by HCP for example, 
tends to support the 'most likely' scenario above. That is, the discovery of NH3 and no reports of 




CO or C02 support this analysis. Hie discovery of some NO supports the suggestion that the 
process may even be more endothermic than that suggested by the 'most likely' scenario. 

In the next couple of experiments efforts were made to eliminate CO* formation during air 
exposure, and to insure that the heat released during the reaction of oxygen with reduced metal was 
determined calori metrically. 

SAMPLE 1 13095A - The sample contains 8.3276 gms of total material, and was nominally 37 
percent by weight potassium nitrate (3.08 gms or 0.0305 moles KNO3). Grafoil loaded potassium 
made up 97% of the material, and the remaining 3% of the material was carbon supported 
palladium. 

After the initial touch test (Fig. 22-1) the calorimeter temperature was raised to 125 C and 
held at that temperature in flowing helium for about 12 hours at which time it was determined the 
baseline was reasonably stable (Fig. 22-2). Hydrogen was introduced into the cell and almost 
immediately a moderate sized heat peak, generally considered to result from the formation of 
hydride, was observed (Fig. 22-3). About two hours after the •hydride peak" reached its apex the 
signal began to rise significantly (Fig. 22-3). In fact, after about six hours the signal reached a 
value equivalent to the production of about 0.50 watts. Given a net input flow rale of 2.1 ml/min, 
and assuming a perfect stoichiometry of 2 hydrogen molecules per oxygen molecule, water 
formation would yield 0.24 watts. Assuming that all of the oxygen was 'free' and already present 
in the sample chamber (air leaks flowing inward against two atmosphere of hydrogen pressure 
assumed to be minimal), this flow rate of hydrogen completely converted to water would yield 
0.35 watts. (In fact, there is no reason to believe there is any ■free 1 oxygen in the system. Any 
oxygen associated with a potassium oxide would yield scant heat upon potassium reduction and 
hydrogen oxidation. Reduction of carbon oxides would in fact be endothermic in most cases.) On 
the basis of the first calculation, it can be seen (22-4,5,6) that the rate of heat production exceeded 
that anticipated from the formation of water for 66 ksec (more than 18 hours). The catalyst clearly 
deactivated over the next 20 ksec (Figs. 22-6,7) until no heat at all was being produced. During 



the period of heat production a total of more than 31 kJ of energy was evolved, or equivalently 
more than 1016 kJ/mole potassium initially present 

According to the model proposed by Phillips in earlier reports, the state of the fully 
deactivated catalyst should be metallic potassium. This suggestion was tested by exposing the 
deactivated sample to dry air (20% oxygen) slowly (approx. 20 cm3/min). A slow exposure to 
oxygen should prevent the type of rapid heating which conceivably can lead very high heating and 
concomitantly a limited amount of combustion of the carbon support. Unfortunately, due to a 
communication breakdown, no attempt was made to measure the amount of heat evolved. 

A final measure of the weight loss of a sample which was handled in a fashion designed to 
eliminate post-deactivation combustion was quite revealing. The sample was found to lose 0.856 
gms of weight. A net loss of one nitrogen and one oxygen per mole of nitrate initially present 
would lead to a weight loss of 0.915 gms. This suggests •good' agreement between the model of 
potassium nitrate decomposition (RS I) and then potassium oxide (KO2) formation during air 
exposure as outlined in the discussion of the previous sample above. According to that model at 
most 2.4 kJ could have been generated. This assumes there is no carbon dioxide formation. 
Indeed, given the weight loss there is no reason to believe carbon dioxide was formed. 

If a worse case scenario is assumed, and all weight loss is attributed to the formation of 
carbon dioxide, we find that 28 kJ of total heat would be generated. This is close to the total 
amount of heat actually observed. Clearly it is important to unambiguously demonstrate that 
carbon monoxide and carbon dioxide are not generated to any extent during the •reduction 1 cycle. 

A -0651 case ' scenario may also be envisaged. Imagine that the decomposition process 
only produced potassium metal, oxygen and nitrogen (see first line in RSI). How many electron 
volts would be produced per atom of potassium initially present? That is, 
we assume that the 3 1 kJ observed is the net AFTER the heat required for the endothermic 
decomposition process is subtracted. This scenario requires that a total of 46 kJ were generated in 
an 'anomalous' fashion in order to account for the observed 31 kJ. Given the number of moles of 



potassium initially present this is equivalent to the generation of 15.7 eV/atom of potassium 

initially present 

Finally, it must be noted that analysis of this sample is not complete. X-ray study of the 
post treatment state of the potassium has not yet been carried out. The assumption that KO2 is the 
final state of the potassium has not yet been demonstrated. As discussed with reference to sample 

120495A (below), this is not always the case. 

SAMPLE 120495 A - The sample contains 8.82 gms of total material, and was nominally 37 
percent by weigh, potassium nitrate (3.26 gms or 0.0323 moles KN0 3 ). Grafoil loaded potassium 
made up 97% of the material, and the remaining 3% of the material was carbon supported 

palladium. 

After the initial touch test (Fig. 23-1) the calorimeter temperature was raised to 125 C and 
held at that temperature in flowing helium for about 12 hours at which time it was determined the 
baseline was reasonably stable (Fig. 23-2). Hydrogen was introduced into the cell and almost 
immediately a moderate sized heat peak, generally considered to result from the formation of 
hydride, was observed ((Fig. 23-3). About four hours after the 'hydride peak" reached its apex the 
signal began to rise significantly (Fig. 23-4). In fact, after about seven hours the signal reached a 
value equivalent to the production of about 0.50 watts. Given a net input flow rate of 3.3 ml/min, 
and assuming a perfect stoichiometry of 2 hydrogen molecules per oxygen molecule, water 
formation would yield 0.37 watts. Assuming that all of the oxygen was ■free' and already present 
in the sample chamber, this flow rate of hydrogen completely converted to water would yield 0.55 
wans, (in fact, as explained with reference to sample 1 13095a mere is no reason to believe there is 
any 'free' oxygen in the system.) On the basis of the first calculation, i, can be seen (23-4,5,6) 
that the rate of heat production exceeded mat anticipated from the formation of water for 55 ksec 
(more than 1 5 hours). The catalyst clearly deactivated over the next 40 ksec (Figs. 23-6.7) until no 
heat at all was being produced. During the period of heat production a total of more than 33 kJ of 
energy was evolved. 
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According to the model proposed by Phillips in earlier reports, the state of the fully 
deactivated catalyst should be metallic potassium. This suggestion was tested by exposing the 
deactivated sample to dry air (20% oxygen) slowly. The air was mixed with helium to insure the 
rate of heat evolution during the oxidation process could be measured. Also, a slow exposure to 
oxygen should prevent the type of rapid heating which conceivably can lead very high heating and 
concomitantly a limited amount of combustion of the carbon support The composition of the 
oxygen containing mix was nominally that shown on Figure 23-8; however, there is reason to 
believe that the mix ratio was not precisely controlled. In any event, it is clear that heat did evolve 
upon the slow exposure of the sample to an oxygen containing mix for several days (Fig. 23-9 
through 23-17). The total heat evolved during this period of time was about 10.5 kJ. 

X-ray studies revealed that the primary product of the slow oxidation process was 
potassium hydroxide. There was evidence that K0 2 was present in limited amounts. In previous 
studies conducted in this laboratory the Grafoil supported deactivated samples were found to be 
primarily K0 2 with some K0 3 present The reason that KOH formed in the present case probably 
relates to difference in the rate of oxidation. In previous studies oxygen exposure was rapid, 
probably leading to great increases n temperature, which probably favored more complete 
oxidation. 

Weight loss can be used as a check on the x-ray analysis. The weight Moss' anticipated Tor 
the net conversion of 0.0323 moles of KNOj to KOH is 1 .45 gms. The observed weight loss was 
1 .20 gms. In contrast if 50% of the potassium nitrate converted to KOH and 50 % to K0 2 ihe 
expected weight loss would be 1.21 gms. This suggests that the later estimate is more reasonable. 
In any event, there is no reason to believe that any weight loss should be attributed to carbon 
combustion. 

Given x-ray analysis showing KOH as the final product rather than K02, an effort to 
convert KOH to KO2 was undertaken. The sample was heated in air for four hours at 2(XrC. 
This caused the sample to gain weight, such that the NET weight loss was 1 .02 gms (and not 1 .20 
gms). Given the number of moles initially present, the predicted weight loss for complete 
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conversion < 



, of KN0 3 to K02 is 0.97 gms. The measured weight loss is consistent with this 
model. X-ray studies to determine the final state of potassium are planned. 

Given the assumption ft* potassium metal was present at the start of the oxidation process 
and the final composition of the potassium is a 50/50 mixture of KOH and KG2 the heat evo.ved 
should be 1 1.3 kJ. This compares very well with the actual heat evolved of 10.5 kJ. 

An alternative hypothesis is suggested by the x-ray revelation that the final state of the 
potassium was KOH (Figs 23 18-26). This suggests that a model must account for the presence of 
hydrogen in the final structure. One explanation is that the potassium state prior to oxygen 
exposure was KH and not K-me«al. This would increase the expected heat to some extent. That 
is, we assume the following reactions take place in parallel during oxygen exposure: 

KH ♦ 1/2 O, -> KOH AH = -87.7 kcal/mole of potassium 

2KH ♦ 5/2 02 -> 2KG 2 ♦ H 2 Q AH = -83.3 Kcal/mole of potassium 

Next, we assume the same final disposition of the potassium (accounts for measured weight 
change) was a 1/1 mix of oxide and hydroxide. This would lead to the generation of 1 1.5 kJ. 
This is almost the same as that computed for the system assuming the final state of potassium was 

metallic. 

,fs revealing to compare the total heat evolved with the total heat anticipated simply from 
conventional chemistry. The conversion of 0.0323 moles of KNO3 per the reaction below: 

KNO3 ♦ 4H 2 -> KOH ♦ NH 3 ♦ 2H 2 0 AH = -52 kcal/mole potassium 

yields only 7 kJ for the amount of potassium originally present. Other scenarios yield even less 
heat. For example, if all the potassium were converted to oxide: 



5/2 H 2 * KNO3 ~> KO2 + H 2 0 +NH3 AH - 19 kcal/mole potassium 

less heat would be produced. In fact only 2.6 kJ would be produced via this route. Thus, the 
MAXIMUM heat that can be accounted for by conventional routes for potassium nitrate conversion 
is 7 kJ. Other factors, for example the need to account for weight change, suggest even less heat 

should have been observed. 

Even this maximum value for heat production from conventional chemistry is more than a 
factor of six less heat than observed experimentally. The observed experimental heat, greater than 
43 W, is the sum of that released during hydrogen now (>33kJ) and that measured during oxygen 
flow (>10kJ). In fact, the predicted heat is less than that observed during the oxidation process 
alone. 

Finally, it is worth considering a worse case scenario. How much heat would be released 
if all the weight loss were due to carbon combustion? Given the weigh loss of 1 .02 gms, 
equivalent to less than 0.1 moles of carbon, we find 34 kJ would have been evolved to form C02- 
This value is uncomfortably close to the value actually measured. Yet this scenario is extremely 
unlikely. Indeed, where would •free' oxygen come from during the hydrogen flow process? Why 
would it react to form carbon dioxide and not water? Moreover, carbon doesn't combust well at 
only 125 C. How do we explain the clear change in the crystal structure of the potassium without 
concomitant weight loss associated with that process? 
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SUMMARY/RECOMMENDATIONS 

It is now clear that heat can be produced repeatedly from mixtures of potassium nitrate 
loaded carbon and noble metal carbon samples provided by HCP. It is also clear that there is a 
regular pattern: hydrogen flow leads to heat production, initially at a very high rate, but gradually 
decaying to yield a 'deactivated' catalyst. This deactivated catalyst releases additional heat during 
subsequent exposure to oxygen. Moreover, a final x-ray analysis indicates the crystal structure of 
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the potassium changes from a nitrate to an oxide during the process. Weight change can be 
attributed to changes in potassium crystal structure alone, if oxygen is admitted slowly. 

„ is also clear that there are many conventional chemical scenarios which lead from the 
initial mtrate structure to the final oxide structure. None of these can account for the observed 



heats. 



,, is clear that the model of potassium transformation accompanied by anomalous heat 
needs to be strengthened before this model is submitted to the scientific community. Specifically, 
.Kns recommendations for further study are mad. First, i, is recommended that tests to confirm 
directly the postulated change in the potassium from nitrate to metal in flowing hydrogen be 
undertaken. If it can be verified that heat is released during a process which converts potassium 
nitrate * potassium metal, then the claim that anomalous heat has been observed is greatly 

.. _.„ t _i : c cNnoTHERMIC The best method for carrying 

strengthened. The change from nitrate to metal is ENDU i Htiwiiv.. 

out the proposed work is to employ in situ x-ray analysis. 

Second, it is recommended that the heat release and crystal structure transformations of 
potassium nitrate on carbon in the absence of any noble meul be studied. In the absence of 
hydrogen atoms it is postulated that the same decomposition of the nitrate will take place. 
However, there should be no anomalous heat production. In fact, the overall transformation of the 
nitrate to a metallic state in flowing hydrogen at elevated temperature should be endotherrnic. 
Fo.low.ng the complete decomposition of the nitrate oxygen exposure should lead to significant 
nea, release. The behavior of these samples should also be studied using both calorimetry and in 
situ x-ray diffraction. 

One change in procedure is urged. Every effort should be made to study the composition 
of the off-gas during anomalous heat production. A clear certification that carbon oxides are not 
detected strengthens the argument that weight changes are related to changes in the structure of the 
potassium nitrate and not to the combustion of the support material. 
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Fig. 21-2 

Base Line 1 at 200 C (1 1 1 395a) 




Fig. 21-3 

Switch from He to H2 at 200 C (1 1 1 395a) 
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Fig. 21-4 

H2 reaction 1 at 200 C (111 395a) 
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Fig. 21-5 

H2 reaction 2 at 200 C (1 1 1 395a) 
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Fig. 21-6 

H2 reaction 3 at 200 C (1 1 1 395a) 
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Fig. 21-7 

H2 reaction 4 at 200 C (1 1 1 395a) 
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Fig. 22-1 

Touch Test (113095a) 
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Fig. 22-2 

Base Line 1 at 125 C (113095a) 
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Fig. 22-3 

Switch from He to H2 at 1 25 C (1 1 3095a) 
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Fig. 22-4 

H2 reaction 1 at 125 C (113095a) 
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Fig. 22-5 

H2 reaction 2 at 125 C (113095a) 
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Fig. 22-6 

H2 reaction 3 at 125 C (113095a) 
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Fig. 22-7 

H2 reaction 4 at 125 C (1 13095a) 
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Fig. 23-1 

Touch Test (120495a) 
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Fig. 23-2 

Base Line 1 at 125 C (120495a) 
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Fig. 23-3 

Switch from He to H2 at 125C (120495a) 
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Fig. 23-4 

H2 reaction 1 at 125 C (120495a) 
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Fig. 23-5 

H2 reaction 2 at 125 C (120495a) 
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Fig. 23-6 

H2 reaction 3 at 125 C (120495a) 
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H2 reaction 4 at 125 C (120495a) 
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Fig. 23-8 

Switch to (He+Air) at 125 C (120495a) 
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Fig. 23-9 

Air reaction 1 at 125 C (120495a) 
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Fig. 23-10 

Air reaction 2 at 1 25 C (1 20495a) 
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Fig. 23-11 

Air reaction 3 at 125 C (120495a) 
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Fig. 23-12 

Air reaction 4 at 125 C (120495a) 
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Fig. 23-13 

Air reaction 5 at 125 C (120495a) 
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Fig. 23-14 

Air reaction 6 at 125 C (120495a) 
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Fig. 23-15 

Air reaction 7 at 125 C (120495a) 
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Fig. 23-16 

Air reaction 8 at 125 C (120495a) 
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Fig. 23-17 

Switch to He at 125 C (120495a) 
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I. Experimental Methodology and Theory or Operation 

Enclosed at the end or this technical report is a majority of Chapter III from my. 
Michael C. Bradford, Master of Science thesis at the Pennsylvania State Umvers.ty. 
entitled "A Calorific Investigation of the Lithiwn-Water and Lithium Hydride-Water 
Reaction Systems a, Elevated Tenures.' Within this chapter is contained a schemat.c 
of the expenmental apparatus, the theory by which it can be used to obtain thermodynam.c 
data, and calibrauon data for the instrument. It also describes the capabiU.y of the system 
for quantifying pulses of gases, hydrogen and water, in an inert carrier gas stream. 

11. Site Preparation and Installation of Equipment, 9 September 1994. 

Ultra nigh puritv (99.999%) helium and hydrogen were obtained from Matheson 
for use in the expenmen, The schematic of the experimental apparatus. F.gurc 111.2 .n 
Chapter 111. should be modified slightly to take the gas changes into cons.derunon. The 
aj. supply was removed and replaced by the hydrogen and helium supphes. connected 
To a common line through a three-way vaWe. which permitted ins— sw.tclung 
between hvdrogen and helium. U should also be noted that the gases were further punfied 
prior to enter.ng the reactor by passing them though an oxygen trap (Alltech). _ 

After installauon of the equipment, a quick touch test of the calonmeter sas 
performed at 298 K. Simply, the inner wall of the calorimeter was touched for a penod o 
^ughlv 10 seconds. The resu.ung exothenn (Figure 1) was mtegratcd and the 
Junt of heat input ,nto the calonmeter by my hand, roughly 21.5 Jo^es *» 
determined. Th.s quick test verified the functionality and h.gh sens.t.v.tv of the 

calorimeter. r«™.i -ic 

The sample prepared by Hydrolysis Power Corporat.on, herem referred to as 
«| was loaded .nto the reactor cel. under a 40 psig UHP hel.um blanket to rn.mm.zc 
anvambientcontanunafo, The remainder of PSUf I not .cded into the 
stored in a des.cator w.thin the dry box under a helium blanket. The reactor cel. was loaded 
into the experiment apparatus at 298 K under . .5 m./s helium purge, and the p.pmg 
lcak les ted with Snoop. After msu.at.on was placed around the calonmeter. the o.cn 
ramped to 523 K and allowed to thermally equilibrate for 24 hours pnor 
experimentation. 
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III. Experimental Data for the Reaction of Hydrogen with 



#1 



On 10 September, the first data set at 523 K was obtained (Figure 2). This data is 
contained on a 1.44 M IBM diskette in ASCII formal, DATA 1. OUT, and as a Qualtro Pro 
spreadsheet, DATA1.WQ1. After sampling the baseline (1 Hz) for 1 nr. the helium was 
switched to hydrogen at a constant now rate of 1.5 ml/s. As Figure 1 indicates, there was 
essentially no indication or any exothermic processes taking place. The slight deviation in 
the baseline can be attributed to small thermal fluctuations, ± 0.5 K in the oven. 

The second data set at 523 K was then obtained (Figure 3). This data is contained 
on a 1.44 M IBM diskette in ASCII format, DATA2.0UT, and as a Qualtro Pro 
spreadsheet, DATA2.WQ1. At about t = 0s, the hydrogen now rale was increased to 4.5 
ml/s. A new steady state, roughly at 0.03 W, was then obtained within about I hr. At this 
lime, the hydrogen now rale was ilicn increased lo 7.5 ml/s, during which a more 
substantial exolherm resulted. The new steady state, roughly 0.2 W, was reached in 
roughly 3 hr. 

The third data set al 523 K was then obtained (Figure 4). This data is contained on 
a 1.44 M IBM diskette in ASCII format. DAT A3. OUT, and as a Quallro Pro spreadsheet, 
DATA3.WQL Ataboul t = 0 s, the hydrogen How rale was increased to 13.5 ml/s. The 
heal output reached roughly 0.5 W after about 1 hr on stream. Before steady slate was 
obtained, ihe hydrogen now was switched back to helium. It is clear that a switch lo 
helium resulted in an immediate cessation of heat production, as indicated by ihc 
exponential decay of the calorimelric signal. However, note that the new steady stale for 
no reaction was now at roughly 0.25 W This is a now induced phenomena and is not yet 
fully understood. However, il has been documented clearly during past research (Michael 
C. Bradford, 26 March 1993, Notebooks, page #80.). 

The fourth data set at 523 K was then obtained (Figure 5). This data is contained 
on a 1.44 M IBM diskette in ASCII formal, DATA4.0UT. The helium now was reduced 
back to 1.5 ml/s to try to re-establish the original baseline. As the figure ^indicated, a 
decrease in helium flow resulted in an abrupt decay of the calorimelric signal toward the 
original baseline. The original baseline. 0.0 W was not reached in the figure because 
sufficient time was not allowed for equilibrium lo be reached. 



IV. Correction of Data for Baseline Drift and Flow Variation 

Using the data in figure 2 and Figure 4. i. is clear thai changing (he helium flow 
from 1 .5 ml/s » 13.5 ml/s resulted in a baseline shift from roughly 0.0 W ,o 0.25 W. This 
phenomenon corresponds to a Row correcuon factor of 0.002. W/(m./s). This correction 
factor permits a correction to be made to the obtained data. 

Table I. Experimental Data. 



v (H2) ml/s 


P (W), raw 


P(W), corrected 


1.5 


0.00 


0.00 


4.5 


0.03 


0.02 


7.5 


0.20 


0.18 


13.5 


=0.50 


=:0.47 



The values reported at 13.5 ml/s hydrogen arc approximate because steady stale had 
not been reached. Thus, the true heat production value at this flow condition must 

certainly be higher. 



V. Conclusions 

PSU*. does substantially react vvuh flowing hydrogen with considerable activity- 
Tor extended periods of time. This react.vity was found to be dependent upon hydrogen 
How ra.c. Thus, i, ,s speculated that either the total pressure of hydrogen in the gas phase, 
or the diffusion of hvdrogen through #1. strongly influence, the sample reactmty. 
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Figure I 



Calorimeter Test at 298 K 
9 September 1SS4 
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Figure 2 



First Data Set at 523 K - DATAI.OUT 
10 September 1994 
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Second Data Set at 523 K - DATA2.0UT 
10 September 1894 
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Figure 4 



Third Data Set at 523 K - DA I A3.0UT 
10-11 September 1994 
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Fourth Data Set at 523 K - DA I A4.0UT 
11 September 1994 
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Fifth Data Set at 523 K - DATA5.0UT 
12 September 1634 
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Chapter III 
Methodology 

The initial step in the course of this investigation was to design an experimental 
apparatus which would adequately resemble a HYDROX fuel reactor (Chapter IIL1). After 
this apparatus was constructed and the theory of the experimental measurement was 
understood (Chapter m.2), a calibration of the components of the apparatus was performed 
(Chapter III.3). A general experimental procedure (Chapter IIL4) was then used to 
conduct two test experiments of known elementary reaction systems to validate the utility of 
the experimental apparatus (Chapter II 1.5). 



III.L Design 

The main objective of the experimental design was to maximize the similarity of the 
experiment to an actual HYDROX fuel reactor. Thus the experimental apparatus had to be 
designed to operate at elevated temperatures, ca 588'K. and required the use of a cylindrical 
reactor, an open flow system, and an excess of fuel (lithium, lithium hydride, or lithium 
oxide). 

There were several difficulties associated with the design of now, Calvet reaction 
calorimeter for investigations at elevated temperatures. 

(1) Acceptable materials of construction had to be found. Today, most commercial 
thermopile insulating materials are not stable at temperatures above 530*K (32). 
Also, at high temperatures, lithium reacts with many materials, including silica 
and aluminum ( 14,44,77), which might ordinarily be used to construct the 
calorimeter shell. 

(2) A stable high temperature baseline had to be produced. Although some versions 
of the Calvet-type calorimeter have been constructed to operate at temperatures 
in excess of 1000'K, the baseline stability and inherent precision of these 
instruments has been reported as poor (78). 

(3) The calorimeter had to provide accurate heat of reaction data when operated with 
a constant gas flow, rather than when operated in the batch mode generally 
associated with Calvet-type calorimeters. Ketchen and Wallace (79) claim that 
in a now calorimetric system, reaction heat is inevitably lost, thus necessitating 
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batch operation for the Calvci-rype calorimeter. 

(4) A method of injecting constant, quantified doses of water vapor into the 
calorimeter had to be devised. It was a.so necessary to insure that the water 
enter the calorimeter at the calorimeter temperature. 

(5) Tne apparatus had to insure adequate mass transfer of the reacting speces to 
minimize, or eliminate, bypass of water out of the reactor. 

(6) A method to analyze the reactor effluent stream for unreacted water and 
hydrogen had to be developed. 

One of the large material concerns was overcome when recently, high temperature, 
high sensitivity thermopiles became avai.able at reasonable prices, thus mafcng ; the use of. 
CaWe.-type calorimeter practical at elevated temperatures. A cy »dnc.l "ea Hux 
I Loca.orimeter (International Thermal .nso.men, Co.. Mode. CA-100-.) was used to 

corrosion, a cylindrical reactor, machined from 304 stainless steel to fit tns.de of the 
calorimeter, was used to contain the fuel (Figure IU.l). 




Figure ni.l : A schematic diagram of the reactor and 
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Akhough the stainless steel does create an additional heat transfer resistance, ii was needed 
,o prevent corrosion of the calorimeter by the fuel. Lithium corrosion of stainless steels 
and ferritic alloys is negligible at temperatures below 723'K (14), and thus, stainless steel 
is frequendy used and recommended for containment of lithium compounds (14.58.76.77). 
The additional heat transfer resistance created by the reactor to the calorimeter thermopiles 
was minimized by the use of thin reactor walls (0.16 cm). Although the maximum 
operating temperature of this caJorimeter is 588'K, gradual sublimation of the thermopile 
insulating materials limited use of the calorimeter to approximately 2000 hours (31). 
Although this sublimation process did not affect the sensitivity of the calorimeter, n did 
require periodic manufacturer maintenance. 

A schematic diagram of the entire experimental apparatus is outlined in Figure IU.2. 
To address the operational issues mentioned previously, important support systems were 
installed (a) to maintain temperature control, (b) to introduce the water into the reactor, (c) 
to analyze the effluent gas. (d) and to enhance the reaction mass transfer. 

To maintain an isothermal reaction system and improve baseline stability, the 
calorimeter was placed inside of a commercial convection oven (Despatch. Model LND 1- 
42-3) that could be operated from room temperature to 616'K. Also, the calorimeter and 
reactor were enclosed within a cubic insulated box. constructed of Durok (United States 
Gypsum Co.) and fiberglass, to further dampen thermal oscillations in the oven. The use 
of multiple insulating layers to dampen thermal perturbations in the infinite heat sink was 
demonstrated by Tian as early as 1923 (78). and can be easily illustrated using a basic heat 

transport model (Appendix B). . 

AS mentioned previously, a flow, rather than a batch reaction process, was required 
for the experiment to resemble the HYDROX operating environment. Flow calorimeters 
have been used by other investigators to measure the heats of adsorption of liquids on 
porous solids temperatures up to 523'K (80.8 1.82). However, the use of a continuous gas 
How can lead to a loss of heat, and thus a loss in accuracy of the experimental 
measurement. Barton (80) noticed during the calibration of his flow calorimeter that slight 
changes in now rate altered the calibration constant by up to 20%. It was thus desirable to 
illustrate that gas now rate would not significantly inttuence the experimental 
investigation. Calibration experiments (Chapter I1I.3.4) conducted with an 18Q resistor 
(Mills Resistor Co.) and a fixed current (40-165 mA) source showed that the calibrauon 
constant of the calorimeter was not sensitive to the How rate of gas. over the range 
conditions which experiments were conducted. The argon 



29 



PR 



Argon 
Supply 



Metering 
Valve 




1 



Veni 

J 



Rotameter 



D 



Water 
Reservoir 



FUter 



Gas Analyzer 
Reference 
Rotameter 



Argon Inlet 



Water 
Inlet 

Veni 

Fixed Volume Injector 



Data 
Acquisition 
System 



IE 



A/D 
Converter 



Analog 
Amplifier 



Gas 
AnaJyz.er 



Vent 



Vent 



Relief Valve 



Water 
Trap 



Heal 
Exchanger 



-Reactor 



Calorimeter 



Oven 



Figure UI.2 : A schematic diagram of the experimental apparatus. 
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purge stream also served as a carrier gas, by providing a method for introduction of the 
limiting reagents (water or hydrogen) into the reactor. 

The accurate step input of trace quantities or limiting reagent into the argon stream 
was accomplished using a four port fixed volume injector (Valco Instruments Co. Inc.. 
Model No. CI4UWP) for water, and a six pon fixed volume injector (Valco Instruments 
Co Inc Model No. C6WP) for hydrogen. The argon (MG Industries. 99.999% purity) 
purge stream was passed through an oxygen trap (Alltech. Catalog No. 4004). to remove 
any oxygen impurities, prior to entering the fixed volume injector. After sampling the 
limiting reagent, this stream then passed into the oven, and into a 300 cm x 0.241 cm ID 
teflon lined, stainless steel tubing coil, prior to entering the reactor. Th.s tubing co.l 
primarily functioned as a heat exchanger. Standard heat transfer calculations showed that a 
was of sufficient size to both vaporize the injected liquid water and bring the enure sample 

stream to the oven temperature (Appendix G). 

During experiments, die reaction cell was loaded with the solid reagent as a packed 
bed of panicles of less than 4 mm O.D. (Chapter III.4). To insure good mass transfer 
between the gaseous limiting reagent and the fuel, the gas was injected into the bottom of 
the packed bed. and forced to circumvent a horizontal baffle before exiting the reactor 
(Figure III.1). Experiments conducted with alternate reactor configurat.ons did not 
sufficiendy reduce channeling of the limiting reagent out of the reactor. 

In this investigation, a method of gas analysis was required to quantify step mputs 
of hydrogen, produced during some reactions, and water vapor, channeled out of the 
reactor The utility of in-situ gas chromatography (GC) to separate water and hydrogen 
mixtures has been demonstrated by Mindrup (83). However, because GC typically uses 
intermittent, periodic sampling to measure relative gas concentrations, it was not feasible to 
use in-situ GC in this investigation. Although there are many ex-situ GC methods for the 
quantification of trace quantities of water, including Karl Fischer Titration (84). the use of 
organic solvents (85,86). the use of calcium carbide (87.88). and the use of a Helium 
Ionization Detector (89), ex-situ methods for measuring water and hydrogen were not 
desirable in this investigation. A commercially available instrument, the hygrometer, is 
capable of accurate in-siiu quantification of water in gas streams (90,91). Also, hydrogen 
adsorption on palladium films has been demonstrated as a viable candidate for in-s.tu 
hydrogen detection and quantification (92,93.94.95). However, budget constraints 
demanded the use of a single, economical instrument for both water and hydrogen analysts. 
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For this reason, an in-situ thermal conductivity-type gas analyzer (MSA, Model T-3 
Type TC) was used to quantify hydrogen and water vapor in the reactor effluent stream. 
After the reactor effluent left the oven, it was passed through a 1.0 Jim Nupro filter, to 
remove any entrained solid particulates, prior to entering the gas analyzer. Coincidental^, 
the optimal carrier gas for hydrogen detection using a thermal conductivity detector « argon 
(96) and fortunately, the gas analyzer is also sensitive to water vapor. In some 
experiments, to separate any unreacted water from hydrogen in the effluent s«am. the 
reactor effluent was passed through a 13* molecular sieve (Al.tech. Catalog No. 5269). 

After the calorimeter signal was amplified, a. lOOOx magnification, the analog 
signals from the gas analyzer and the calorimeter were digitized with an Analog to D.g.tal 
Convener (Real Time Devices. Model ADA 1100) and sampled at a 5 Hertz frequency us.ng 
standard data acquisition software (Real Time Devices, Atlantis) on a Swan 486 PC. All 
experimental data was converted to an ASCII format so that it could be imported uito 

„ „ i f a *„a\* n fnr a lkiin£ of the data manipulation software). 

QBAS1C for data analysis (see Appendix U tor a usung ui ui^ u v 

HI.2 Theory of Measurement 

In this investigation, two in-situ measurements were made to quantify both the 
energy and materia, balances of the reacting systems. Tne heat of reaction was measured 
using a heat flux calorimeter, and both water bypass and hydrogen gas production were 
measured with a gas analyzer. The combination of the quantification of energy and matenal 
balances with basic reaction stoichiometry permitted determination of the overall react.on 
mechanism without the use of ex-situ analysis of solid reaction products. 

III.2.1 Heat Flux Calorimetry 

The cylindrical calorimeter walls contain a thermopile structure composed of two 
sets of thermoelectric junctions. One set of junctions is in thermal contact with the internal 
calorimeter wall, at temperature T, and the second set of .hem* juncuons » » *em»l 
contact with the externa, calorimeter wall, at temperature T e . Unless utiliz.ng a twin 
calorimeter system, is imperative for meaningful experimental results that T e mamtatn 
constant throughout the duration of the experiment 4 . 

4 though, in this investigation, the oven 'ff^^^^SS^ — n* 
0.3OK. the calorimeter was sensitive to these slight thermal fluctuations, tne insu.au B 
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When heat is generated within a calorimetric ceil, the calorimeter radially transfers a 
constant fraction of this heat, y, into the surrounding heat sink*. As heat flows through 
the calorimeter walls, a temperature gradient, (Ti-T e ). is established between the two sets 
of thermoelectric junctions. As stated by O'Neil et al. (97) this temperature gradient 
generates a voltage which can be mathematically represented by a series expansion. 

4V =C 1 (T i -T e ) + <C 2 l2)(Ti-T e )2 + (111.1) 
If CTi-T e ) is negligibly small, then the series is adequately represented by the first term. 
AV - C[ (Tj-T e ) 



The heat flux , (dQ/dt), through the calorimeter walls is also directly proportional to 
this temperature gradient. Thus, the integrated value of the generated voltage. AV. 
produced in the thermopile over time is also direcdy proportional to the total heat produced. 
Q. by the reaction process (97). 



(IH.3) 



The proportionality constant. C. is typically determined experimentally dunng a 
calibration procedure (Chapter II1.3.4). A. a fixed temperature, if C is independent of the 
quantity of heat input, the calorimeter response is said to be linear. Typically however, the 
proportionality constant is a function of temperature. Failure to account for th.s 
temperature dependence has previously caused errors in data interpretanon (97). The 
integral quantity, I AV dt. is the area of the experimental thermogram and was obtained, m 
this investigation, by direct numerical integration of the experimental data (Appendix D). 



u,e ca.orimetcr was added to dampen the osciHaung ihenna. nu f c ~'°^ 

maintain a constant T e (see Appendix B for a maihemaucal proof of ilus postulate). THe msu.auo 



make the system adiabaiic. 

5 Typical thermal losses include axial conduction (which is minimised by internal calorimeter ,n u.auon£ 
conduction losses through the calorimeter signa. ^.^^^J^^JSf^Z, of 
assume that radiation and conducuon losses are negligible it is no so easy to ™ £ dala 

convecuve heal loss in a now system. However, a stausucal analysis of Uie "^ b .™"°" ™ n „ , 4) 
reveTed dial convive heat losses were indeed negligible in this experiment system (Chapter IH.3.4). 
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Equation (Ul.3) is identical in form to the well known integrated Tian Equation 
(78,98,99). 

gr' Q 

Equation (III.4) provides a better intuitive look into the temperature dependence of the 
proportionality constant than equation (1II.3) by providing a mathematical form for the 
proportionality constant. 

c= n* (1H.5) 

gr 

where n is the number of thermoelectric junctions in the thermopile, k is the thermal 
conductivity of the thermopile, and g is an unknown function of n, the power of the 
thermoelectric junctions, and the amplification of the signal. Due to the unknown nature of 
g. the proportionality constant in Tian's equation must also be determined expenmemaily 

by a calibration. 

However, during the course of this investigation, an improved theorettcal form of 
equations (III.3) and (DI.4) was rigorously derived using a straight forward heat transpon 
model (Appendix A). The simplified result is 

3.88nSi. 2 o 

The Seebeck Coefficient. 5. is a thermal property of the thermoelectric junctions and is 
available for most known thermoelectric junctions over an extremely w.de range of 
temperatures (100). The volume in which heat is generated. V. and the character^ 
dimension of the calorimeter. L. are easily determined physical quantities. The thermal 
conductivity of the calorimeter. *. if not known, can be either measured or estimated w.th a 

suitable correlation (101-103). 

Equation (111.6) predicts that the calorimeter response is independent of heat 
generation rate within the calorimeter, as observed experimentally (Chapter Ul.3.4). and 
permits the direct theoretical calculation of the calorimeter proportionality constant, 
provided that the physical and thermal properties of the calorimeter are well k*own. 
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A simplified form of the proportionality constant, obtained from the model in 
Appendix A for steady state heat generation within the calorimeter, defines the intrinsic 
sensitivity of a heat flux calorimeter. 

c _ P (IH.7) 

P is the rate of heat generation, and (AV) SS is the steady state voltage response to P. 'The 
intrinsic sensitivity ... numerically equivalent to the inverse of the calibration constant. 
"... is defined as the value of the steady emf that is produced by the thermoelectric elements 
when a unit of thermal power is dissipated continuously in the active cell of the calorimeter" 
(78). Equation (1U.7) is established in the field of calorimetry as an experimental means of 
determining C. and can be derived by less rigorous mathematical treatment (104). 
Although the aforementioned mathematically derived results, equations (III.6) and (III.7). 
offer two significant theoretical improvements in heat flux calorimetry. determ.naoon of the 
proportionality constant is restricted to experimental calibration unless reliable thermal 
conductivity data for the complex structure of calorimeters becomes available. 

The successful experimental applicability of equation (111.3)6 requires constant 
external wall temperature. T e , and uniform radial symmetry of the thermal penurbat.ons. It 
should also be noted that equation (III.3) is independent of the physical properties of the 
material inside of the calorimeter. Thus, all heat produced within the calonmeter must 
eventually now into the infinite heat sink, regardless of the calorimeter contents. Although 
Gravelle (78) has suggested that equation (UI.3) is not suitable for the analysts of 
thermograms produced by rapid heat input, due to the inherent thermal lag of .he hea, flow 
calorimeter. Evans (99) is convinced that this is not the case. Nonetheless, the proper 
method of determining the validity of equation (111.3) for the study of rapid react.ons .s 
through experimental determination of the range of linearity of the calorimeter response. 
The range of linearity is the range of heat quantity and input rate, at a fixed temperature, for 
which C is a constant, and is determined by an experimental calibration. 



SEquaUondlUJishercinconsidercd to be equivalent to the general experimental forms of equations (111.4) 



and 011.6). 
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III.2.2 The Gas Analyzer 

The gas analyzer was primarily used for the in-situ quantification of hydro e en 
production, and occasionally used for unreacted water quantification. The gas analyzer 
essentially consists of four electrically heated metal filaments suspended in a reference gas 
stream These filaments are designed to maintain heat losses due to convection and 
radiation constant, and therefore are sensitive only to the difference in thermal conductive 
of One sample stream and the reference stream (105). The change in thermal conductrvuy of 
me sample stream causes a change in the resistance of the filaments. « 
change in the output electrical signal. This transient signal is then sampled w„h the data 

acquisition software for analysis. 

Because this instrument was designed to measure the concentration of a sample gas 
(S) in a flowing reference g*s stream (R), the electrical output signal. AV dt. ,s d.rect.y 
proportional to the concentration of S in R. 

(III. 8) 

AVtfr a (5) 
Using the following definition of concentration 

[S) = f~ 

where v R is the volumetric flow rate of R and * is the molar quantity of S. equation 
(1 11.8) may be written as 

'( (111.10) 
T] s = C s v R \^Vdt 

<i 

where C S is merely a proportionality constant dependent only on S. and „ and r/are the 
initia , and final integration times, respectively. The vaHdity o equat.on^ I U0 - 
established experimentally for hydrogen and water vapor ^ ^ « 
result from equation (111.10) is that for constant the tntegral stgna area ncre ases 
decreasing v R . This empirical phenomenon influenced the chotce of low reference flow 
rates in this investigation. 
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I1I.2.3 The Governing Experimental Equations 

Th C governing equations used in this investigation for quantification of heat of 
reaction 

Q-CJAW* (I "- 3) 
0 

and quantification of gas in the effluent stream 

'( (UI.IO) 

n 

have identical mathematical for™ and can be derived quasi-theoretically. THe proper use 
of these two equations in this investigation required a si.iisiic.lly relevant chbrauon 
procedure to determine the calibration constants, C and Cs- 

III.3 Apparatus Calibration 

In this investigation, the accurate measurements of the heat of reaction, the amount 
of water bypass, and the quantity of hydrogen produced required the accurate determination 
of the limiting reagent volumes, the argon purge gas now ratet*. the calorimeter 
calibration constant, C. and the gas analyzer calibration constants. C 5 . The numerical 
values of all calibration constants are reported with 95% confidence limits. 



III.3.1 Limiting Reagent Volumes 

A four port fixed volume injector was utilized for the introduction of liquid water 
into the argon purge stream. Because this injector was manufactured only to deliver 
reproducible fixed volumes ca 2uJ (106). it was necessary to calibrate the fixed volume 
injector. An HP5890 gas chromatograph with a six foot Chromosorb 1« tpackec . cc umn 
was utilized for this calibration procedure. Using 1.0 ul (SGE. Model 1BR-7) and 5.0 p.. 
(SGE, Model 5BR-7) precision syringes, fixed volumes of n-hexane (Aldr.ch) were 
manually introduced into the chromatograph to calculate an n-hexane calibration constant. 
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C n = 2.00 ± 0.05 x 10" 7 u.1 I area unii. The four port fixed volume injector was then 
utilized to inject an unknown volume of n-hexane into the chromatograph. The mean 
integral area of the fixed volume injector areas, A m - 1.34 ± 0.02 x 10? area units, was 
simply multiplied by C n to determine the water sampling volume of the four port .mector. 

V H 2O = 2 - 68±011 H l - 

A six port fixed volume injector with a nominal 2 ml sample loop was utilized for 
,he introduction of hydrogen into the argon purge stream during the gas analyzer 
calibration. Because the manufacturer reported the volume range as V = 2.0 ± 0.2 ml 
(l 06) the volume of the nominal 2 ml sample loop also needed to be calibrated. Using the 
experimental apparatus (Figure 111.2). the sample loop was filled with liquid water at 
298-K and then emptied into a graduated cylinder of known mass. Using a Mettler AE100 
balance, the mass of the water contained within the cylinder was then obtained. After five 
^SSHneasurements. the mean mass of the water sample was determined to be m - 
2 195 ± 0.005 g. The volume of the six port injector sample loop was obtained by 
dividing the measured mass by the density of water at 298'K, p = 0.9974 g/cm3 (100). 
From this procedure, the volume of this sample loop, and thus the volume « 
used during calibration of the gas analyzer, was determined to be V H2 = 2.201 ± 0.005 



III.3.2 Volumetric Flow Rale of the Argon Purge 

The flow rate of the argon purge to the reactor was regulated with a rotameter and a 
metering valve (Figure UI.2) and was determined from a standard bubble-meier calibrate 
procedure. A schematic of this simple apparatus is provided in Figure IH.3. Using the 
bubble-meter, a soap bubble was introduced into the reactor effluent. The volume, V 
traveled by the soap bubble in the effluent was measured directly from the graduated 
markings on the pipette wall of the bubble meter, IT* duration of time. t. required for the 
soap bubble to travel V was measured with a single event stopwatch (Cole Parmer Model 
8668) The volumetric flow rate of argon. v R , was then easily calculated. The 
measurement v R was performed at random, multiple times during an expenment to 
obtain a statistically relevant mean value and to monitor any possible abnormal dcv.aaons in 
flow rate. A typical value for v R used in this investigation was 1.52 ± 0.01 cm /sec. 
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III.3.3 The Gas Analyzer 

Accurate knowledge of the limiting reagent volumes and the argon flow rate 
permitted the calibration of the gas analyzer over a wide range of v R for hydrogen(g) and 
water(g). The entire experimental apparatus (Figure 1II.2) was used during this calibration 
procedure. At constant V R . a known volume of limiting reagent was input into the argon 
stream using the appropriate fixed port injector. The limiting reagent then passed into the 
oven, through the empty reactor, and directly into the gas analyzer. The response of the 
gas analyzer to both hydrogen and water is illustrated in Figure Ui.4. The integral area of 
the gas analyzer signal response to the limiting reagent was then calculated numerically 
(Appendix D). To calculate the proportionality constants. C S , from the experimental data 
using equation (111.10). the volume of limiting reagents had to be converted to absolute 
molar quantities. The molar amount of water, mnO- »™ calculated directly Trom the 
known calibration volume. 



_ P V H 2 Q 



(III.U) 



where p is the density of water at 298'K, and MW is the molecular weight of water. The 
molar amount of hydrogen. r, W2 . was calculated directly from the ideal gas law at 298'K. 



"2 



(111.12) 
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The static hydrogen pressure. P. in the fixed volume injector was measured us.ng the 
pressure gauge on the hydrogen source cylinder. The calibration constant for each l.m.ttng 
reagent is listed Table 111. I along with a range of v R to which Cs is restricted. 



Table HI.l 

Gas analyzer calibration constants for the limiting rcaciants. 



s 


Vq (cm 3 / s) 


Cs Uimot/V cm 3 ) 


hydrogen (g) 


1.5 - 4.45 


0.970 ± 0.006 


water (r) 


1.5-4.45 


4.86 ± 0.23 
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Because the thermal conductivity of hydrogen is much greater than that of water vapor 
(101). the gas analyzer is more sensitive to hydrogen. The sensitivity of the gas analyzer is 
the inverse of Cs and is a relative measure of the size of the integral signal response. The 
relatively larger deviation in C H2 0 can be attributed to possible partial condensation of the 
water on the gas analyzer thermal filaments. The manufacturer of the gas analyzer has 
acknowledged that condensation of vapor can slightly alter the gas analyzer signal response 
(105). 

III.3.4 The Heat-Flux Calorimeter 

Quantitative experimental measurement of the heat of reaction with the calorimeter 
required a determination of the proportionality constant. C. in equation (1II.3). 
Experimental determination of C was accomplished through a standard electrical calibration 
technique (78.107.108). A high precision beryllium core 18fi resistor (Mills Resistor Co.) 
was placed within the reactor, inside of the calorimeter. The resistor, as pan of a simple 
circuit, was connected to a constant current (40-165 mA) output source. A known quantity 
of current. I, Howing through a known resistance. R. for a known duration of tunc. f. 
produces a total amount of heat. Q. simply given by the expression 

2„ n , (111.13) 
Q=l 2 Rl=fVt 

where V is the voltage. Both I and V were measured in-situ during all calibration 
experiments for an accurate determination of Q. Numerical integration of the calonme.er 
signal response curve corresponding to a known quantity of heat input. Q. permits 
calculation of the proportionality constant. C. of the calorimeter using the express.on 

rvt (Ui.14) 

c_ </ 

Java 

The infinite integration limits have been replaced by if and if. the experimental initial and 
final integration times, respectively. For proper experimental use of equation (I1I.3). u was 
crucial to demonstrate that C, as calculated from equation (III. 14). was independent of rate 
of heat generation. P. the total quantity of heat input. Q, and the flow rate of the argon 
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purge. v g . The influence of infinite heat sink temperature. T. on C also needed to be 
determined. Thus, an appropriate test was devised to statistically ascertain the influence of 

P. Q. V R ar| d T on C. 

For the calibration and statistical analysis it was necessary to write C as Qj k , where 
i, j, and k are the numerical indices 1 or 2, referring to specific numeric values of P. u* . 
and T, respectively (Table III.2). 

Table III.2 

Numerical values for Qjk indices. 



Indice # 


i (W) 


j (cm 3 /sec) 


k ( W K) 


1 


0.24 


0 


505 


2 


0.60 


4.448 


588 



The combined indices ijk refer to the environmental conditions a. which Cijk was 
determined. A total of eight combinations of i.j. and k were used in this invesngat.on. 

During the electrical calibration procedure, a graph of jAVd. vs Q was constructed 
at each temperature to demonstrate the linearity of the calorimeter response (Figure UlA). 
Although there is scatter in the data, the linearity of the curve indicated that the calonmeter 
signal response was independent of Q over the range of 10 to 75 Joules (This was also the 
range of hea, observed in the actual reaction experiments). To determine the effect of rate 
of heat generation. P. and gas flow rate. v R , on the calorimeter signa. response, a standard 

statistical analysis was used. 

Using each data point in Figure U1.5, the individual C ijk values were calculated 
directly from equation (111.14). and an average of the multiple observations of Cijk was 
obtained (Table 111.3). All reported Qjk values include the calorimeter signal ampl.ficanon 

of lOOOx magnification. 

An F-Test (109). at the a=0.05 level of significance, was performed at eacn 
cemperature to determine the effect of P and v R on Cijk- The first step was to postulate the 
Null Hypothesis. H 0 , at constant temperature (k). 

(III. 15) 

H 0 :Cllk = Cl2k = C21k = C22k 




Figure 1II.4 : A plot of the integral calorimeter signal response, lAVdt. versus total heat 
input, Q. during the electrical calibration procedure at (a) 505'K and (b) 588'K. 



Table IH.3 
Experimental values of Qjk at lOOOx magnificatii 





Cijl (J / V sec) 


Cij2 (J / V sec) 


11 


0.108 ±0.012 


0.105 + 0.010 


12 


0.109 ±0.007 


0.102 ±0.017 


21 


0.104 ± 0.012 


0.100 ±0.017 


22 


0.103 ± 0.008 


0.103 ±0.013 



The null hypothesis is merely a postulate that no statistical difference will be found between 
the inclusive means. Although "researchers rarely desire to prove the null hypothes.s 
(1 10) the validity of H 0 needed to be established for the purposes of thts investigation^ 
When validating H 0 it is imports to minimize a Type 11 error, which is the probab.Uty of 
failing to reject H D when in fact there is a difference. The Alternate Hypothec H a . at 
constant temperature (k) 

(111.16) 

H a : Ci lk * Ci2k * C21k * C22k 

is a postulate that there is a statistical difference between the inclusive mean. Although 

some researchers fee! that the F-test is inadequate to test the validity of the null HypotHes^ 

this procedure is ouUined in Mick.ey el al. (HI) and was recommended by ^eStausncal 

CoLuns Center at The Pennsylvania State University. An L-tes, (111), at the a=0.05 

level of significance, was also performed to validate the implicit assumption tn the F-tcs. 
levet ot signui , ln0 . n PCause the results of the F-test indicated 

that the variance of each Qjk is the same (109). Because 

.. , . . coo-k (k=2) a grand mean was calculated at eacn 

that H 0 was valid at 505 K (k=l) and 588 n (k-^J. <» 

temperature from all the independent observations for Qjk (Table II1.4). 

The preceding analysis, through verification of H c . permitted the conclusion that at 
a fixed temperature, the calorimeter signal response was independent of P and u R . To 

determine the effect of temperature on the calorimeter signal response, an F-test was 

designed with the following hypothesis: 

(111.17) 

Ho : C505 = C588 
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Table III.4 

The grand means, C k . of the calorimeter calibration constants, Qj k . 



Temperature (*K) 


C k (J / V sec) 


505 


0.106 ±0.004 


588 


0.103 ± 0.006 



(III. 18) 

H a :C505*C588 

Because the results clearly showed that H Q was valid, it was reasonable to conclude that the 
calorimeter signal response was also independent of temperature, over the narrow range 

used in this investigation. . 

The preceding analysis of the calorimeter calibration constant. C. .nd.cated that ,, 
was independent of rate of heat input, quantity of heat input, flow rate of argon gas. and 
temperature, with the limits of this investigation. However, because the manufacturer of 
,he calorimeter indicated that C was slightly temperature dependent. « was deeded to « e 
,he values for C determined at each temperature during reaction expenments and not to 
lu m P them into another grand mean. The most important resu.t of th.s analysts was ^ 
t „e L rate of the argon gas. v R . did not signify alter C. This phenomenon requtred 

'^"^neration. heat is removed from the reactor within the Corimeter by 
either conduction through the thermopiles or by bulk transport with the ex.nng gas. 
Alternate avenues of heat loss are assumed to be constant and 

The conduction through the thermopiles is limited by the heat flux through the argon sere™ 
and the reactor wall. It was thus desirable to show that the rate of bulk heat removal by th 
Rowing argon stream was negligible compared to the rate of ^J™^ £ 
thermopiles. Both of these processes are dependent upon the temperature difference. ST, 
which exist* between the reactor within the calorimeter and the infinite hea, s.nk. 
•me rate of bulk heat transfer. Q c , to the carrier gas can be written as 



(111.19) 
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where C p is the heat capacity and p is the density of the carrier gas. The overall heat 
transfer coefficient. U , for the rate of heat removal to the thermopiles, Q h . can be defined 
as 

(111.20) 

Q h =UAZT ... 
where A is the total internal surface area of the reactor. Note that the ratio of Q c / Qh 

Q^ = PVr£ l (111.21) 
• UA 

is only indirectly dependent on AT, through the possible dependence of U on AT. Using 
lhe data in Table 111.5. the ratio of 0,1 Qh = was calculated from equation (111.21). 



Table III.5 

Data for the calculation of 



Parameter 


Value 7 


U(W/cm 2# K) 


0.00116 


A (cm 2 ) 


.36.55 


p (g/cm 3 ) 


8.51 x 10- 4 


Co (J/B'K) 


0.5207 


u ff (cm 3 /sec) 


4.45 



r 1 1 n rmi I fi W/cm^K was obtained directly from the 
A minimum estimate of U, 0.001 16 W/cm n. wa 

.Uerature as a mean value for free convection (103). The use of a m.n.mum esumate of 
.aximizes the ratio of q\\ Q h . which can thus be talcen as the upper limit to experimental 
erro r introduced by the axgon purge. Including other avenues of heat transfer, sue as 
Nation and forced convection, into the analysis would on.y increase the value of U. 

7 n, e physical property data for argon was obtained from Ucnhard (102). 
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Thus because the rate of hea, loss due 10 the argon purge, 4.6%. is essentially the same 
magnitude as the 95% confidence limit on the calorimeter calibration constant (Table UI.4), 
heat loss due to the argon Row is within experimental measurement error. Thus, as 
determined experimentally using a statistical analysis of the calorimeter calibrate data 
(Chapter 111.3.4). the bulk rate of heat removal by the argon purge stream .s negl.g.ble for 
the range of argon flow rates used in this study. 

This preceding analysis introduces a general guideline to the design of flow 
calorimeters. It indicates that the error in measurement introduced by the carrier stream » 
negligible « 5%) if the carrier stream has a small heat capacity. Although Barton (80) used 
extremely small carrier flow rates («. 0.06 cm3/sec) in his flow calorimeter, he observed 
that the adjustment of carrier flow rate altered the calorimeter calibration constant by up to 
20%. This phenomenon was most likely due to the large heat capacity of water (relative to 
argon), which he used as a carrier fluid. 

It was no. possible to ascertain the validity of the previous analysis for the presence 
of a solid reactan. in the reactor. Calibration tests were not conducted with sol.d reagent 
present in the reactor because the calibrating resistor occupies a considerable fracuon of the 
reactor volume, and would not fit within the reactor with a load of reactan, present. 
However, the preceding physical interpretation suggests that the overall heat transfer 
coefficient should increase when solid reactant is present in the reactor, due to the .mproved 
conduction properties of metallic compounds over gases. Therefore, it is reasonable to 
conclude that with solid present in the reactor, the bulk rate of heat removal by the argon 
purge is also negligible. 

III.4 Experimental Procedure 

A general experimental procedure was followed for the two reactions used to test 
the apparatus (Chapter 1II.5). and the two fuel reactions of primary interest to th.s 
investigation (Chapter IV). 

(1) The dry. solid reagent was loosely poured into the reactor in a dry box (Terra 
Universal. Model 1689-00) under a continuos blanket of argon at 298'K. A copper gasket 
was then placed on top of the test cell, and the reactor lid was fastened to the reactor w.th 
eight 375" stainless steel bolts. The bolts were coated with a small layer of h.gh 
temperature anti-seize to minimize strain due to repeated thermal cycling. The mlet and 
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outlet pipes to ,he reactor were then sealed with swagelock fittings so that the reactor could 

serve as a temporary, batch, inert envi— ^ ^ 

(2) The reactor was removed from the dry dox <mu p 

During h s time, argon was continuously purged through the system and tnto the oven. 

was then connected to the reactor inlet pipe, and the reactor outlet was 

^L^nT*c effl-cn. Pipe After securing the insulation around the calonmete, the 
v enTemp Ire was graduaily ramped to the desired experimental — ^ 

50 -K or 588-K. After thermal equilibrium was estab.ished. typ-ca.Iy withm 16 ho rs as 
„1L by a steady calorimeter baseline, the system was ready forexpenmen inmatio, 

p At time zero, the data acquisition system was activated for sampling da, a, 5 
Hertz lie baseline was sampled for exact.y 120 seconds, synchron.zed with a dtg^ 
"opwatch. prior to the injection of limiting reagent into the argon stream to accur te.y 
:r „e I initial baseUne vo.tage. Oata acquisition was cominued 
3600 seconds after the injection of limiting -gent "^^^ M 
cerminated and thermal equi.ibrium was estabhshed. th data was 

Tlie soiid come* of ,he re »c„, we* .moved „*, .» «go„ ««* ^ 
calcium sdt„. dessicKO, .o minimize ..mospneric The ««« «.» tM 

„d d. - - • — - - t:::; f : t: 

fining n,.,eri„s. Ato d„mg me «*»r -i,h » ^ fo < »* 

experiment. 

ill.5 Test Experiments 

Uthium hydride-water reaction systems, two test ^^^T^on calibralion is 
the extent of reliability of the experimental apparatus. Chemical reaction 

olcimeKr (107.108). Ahhoogh Ihe ™»> common reacuoo .« » « 
S^L^ide - H*"*** »eid 007), *e » M~X — . 
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Experimental Verification by Idaho National Engineering 

Laboratory 

Methods 

A search for excess heat during the electrolysis of aqueous potassium 
carbonate (K + /K + electrocataly tic couple.) was investigated using cells 
supplied by HydroCatalysis Power Corporation and a cell fabricated by 
Idaho National Engineering Laboratory (INEL). To simplify the calibration of 
these cells, they were constructed to have primarily conductive and forced . 
convective heat losses. Thus, a linear calibration curve was obtained. 
Differential calorimetry was used to determine the cell constant which, 
was used to calculate the excess enthalpy. The cell constant was 
calculated during the experiment (on-the-f ly-calibration) by turning an 
internal resistance heater off and on, and inferring J:he cell constant from 
the difference between the losses with and without the heater. 

The general form of the energy balance equation for the cell in steady 
state is: 

0 = P ap pl + <W + O xs " Pgas " Gloss (liU) 
where P app i is the electrolysis power; Q hlr is the power input to the heater; 
Q xs is the excess heat power generated by the hydrogen "shrinkage" process, 
Pgas 'S the power removed as a result of evolution of H2 and 02 gases; and 
Gloss is the thermal power loss from the cell. When an aqueous solution is 
electrolyzed to liberate hydrogen and oxygen gasses, the electrolysis power 

Pappi ( = E a ppl n can be P artmoned int0 tw0 ternns: 

Pappl =EapplI = p celi + Pgas C,iL2) 
An expression for P gas ( = Eg as i) is readily obtained from the known enthalpy 

of formation of water from its elements: 

-AHform (HI. 3) 

L 9 as " aF 

(F is Faraday's constant), which 
yields E gas = 1.48 V for the reaction 

H2O - H2 + ^ 02 (ML4) 
The net faradaic efficiency of gas evolution is assumed to be unity; thus, 
Eq (iil.2) becomes 

Pcell B lE a ppi " 1.48VJI 
The cell was calibrated for heat losses by turning an internal resistance 
heater off and on while maintaining constant electrolysis and by inferring 



the cell constant from the difference between the losses with and without 
the heater where heat losses were primarily conductive and forced 
convective losses. When the heater was off, the losses were given by 

C(T C - Tb) = Pappl + 0 + Q xs ~ Pgas ("1.6) 
where c is the heat loss coefficient; Tb is ambient temperature and T c is 
the cell temperature. When a new steady state is established with the 
heater on, the losses change to: 

C(T C ' " T b ) = P'appl + Q htr + G"xs " P'gas < m - 7) 

where a prime superscript indicates a changed value when the heater was 
on. When the following assumptions apply v 

Qxs = Q'xs; Pappl = p 'appi; Pgas = P'gas ('"-8) 
the cell constant or heating coefficient a, the reciprocal of the heat loss 
coeff icient(c), is given by the result 4t „- 

a = Tc ' " Tc (111.9) 

Qhtr 

In all healer power calculations, the following equation was used 

Qhir = E htr t htr Cin.ro) 



M 



t # 



LIGHT WATER CALORIMETRY EXPERIMENTS 

INEL EXPERIMENT I (DC Operation) 

The present experiments were carried out by observing and 
comparing the temperature difference, AT | =T(electrolysis only) - 
T(blank) and AT 2 = T(electrolysis plus resistor heating) -T(blank) 
referred to unit input power. 

The cell comprised a 10 gallon (33 in. x 15 in.) Nalgene tank 
(Model * 54100-0010). Two 4 inch long by 1/2 inch diameter 
terminal bolts were secured in the lid, and a cord for a heater was 
inserted through the lid. 

The cathode comprised 1.) a 5 gallon polyethylene bucket which 
served as a perforated (mesh) support structure wl^ere 0.5 inch holes 
were drilled over all surfaces at 0.75 inch spacings of the hole 
centers and 2.) 5000 meters of 0.5 mm diameter clean, cold drawn 
nickel wire (Nl 200 0.0197", HTN36N0AG 1 , A1 Wire Tech, Inc.). The 
wire was wound uniformly around the outside of the mesh support as 
150 sections of 33 meter length. The ends of each of the 150 
sections were spun to form three cables of 50 sections per cable. 
The cables were pressed in a terminal connector which was bolted to 
the cathode terminal post. The connection was covered with epoxy to 
prevent corrosion. 

The anode comprised an array of 15 platinized titanium anodes 
(15 - Engelhard Pt/Ti mesh 1.6" x 8" with one 3/4" by 7" stem 
attached to the 1.6" side plated with 100 U series 3000). A 3/4" wide 
tab was made at the end of the stem of each anode by bending it at a 
right angle to the anode. A i/4" hole was drilled in the center of each 
tab. The tabs were bolted to a 12.25" diameter polyethylene disk 
(Rubbermaid Model *2666) equidistantly around the circumference. 
Thus, an array was fabricated having the 15 anodes suspended from 
the disk. The anodes were bolted with 1/4" polyethylene bolts. 
Sandwiched between each anode tab and the disk was a flattened 
nickel cylinder also bolted to the tab and the disk. The cylinder was 
made from a 7.5 cm by 9 cm long x 0.125 mm thick nickel foil. The 
cylinder traversed the disk and the other end of each was pressed 
about a 10 A /600 V copper wire. The connection was sealed with 
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Teflon tubing and epoxy. The wires were pressed into two terminal 
connectors and bolted to the anode terminal. The connection was 
covered with epoxy to prevent corrosion. 

Before assembly, the anode array was cleaned in 3 M HC1 for 5 
minutes and rinsed with distilled water. The cathode was cleaned in 
3% H2O2/ 0.57 M K2CO3 and rinsed with distilled water. The anode 
was placed in the cathode support and the electrode assembly was 
placed in the tank containing electrolyte. The power supply was 
connected to the terminals with large cables. 

The electrolyte solution comprised 28 liters of 0.57 M K2CO3 
(Alfa K2CO3 99%) in the case of the hC 3 cell or 28 liters of 0.57 M 
Na2C03 (Alfa Na2C03 99%) in the case of the MC 2 cell. 

The heater comprised a 57 ohm 1500 watt Itjprtoy coated 
cartridge heater which was suspended from the polyethylene disk of 
the anode array. It was powered by a regulated power supply. The 
voltage was measured with a digital meter, and the current was 
measured as a voltage across a precision resistor with a digital 
meter. 

The stirrer comprised a 1 cm diameter by 43 cm long glass rod 
to which an 8 cm by 2.5 cm Teflon half moon paddle was fastened at 
one end. The rod passed through a bearing hole in the tank lid and 
through a bearing hole in the center of the anode array disk. The other 
end of the stirrer rod was connected to a variable speed stirring 
motor. The stirrer shaft was rotated at 4 Hz. With the stirrer 
connected, the stirrer motor drew 4.7 W. With the stirrer 
disconnected, the stirrer drew 4.4 W; thus, 0.3 W was the stirrer 
power. 

Electrolysis was performed at 39.5 amps constant current with 
a constant current power supply. The cells were operated in the 
environmental chamber in the INEL Battery test Laboratory. The 
chamber maintained the average temperature of the cell surroundings 
within I °C. The bottom of the cell rested on a 1/2 inch thick sheet 
of Styrofoam. 

The temperature was recorded with a series of Teflon-coated 
Type E thermocouples inserted in several places. The ambient 
temperature reference was a closed one- 1 iter container of water 
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with a thermocouple nominally in the center of the water volume. 

Data from thermocouples, voltages, and currents were logged by 
one of the Battery Lab's computer based data systems and recorded at 
5 minute intervals. The delta temperature (AT=T(electrolysis only) - 
T(blank) ) and electrolysis power were plotted. The heating 
coefficient was determined "on the fly"' by the addition of heater 
power. The delta temperature AT 2 =T(electrolysis + heater) - 
T(blank)) and the electrolysis power and heater power were plotted. 

Mass spectroscopy of the gasses evolving from the MC 3 
(K2CO3) cell was performed using a VG Instruments model SXP-50 
high -precision mass spectrometer with 0.01 -amu mass resolution 
and 6 decade sensitivity. 

A 100 ml sample of the 0.57 M K2CO3 electrolyte of the MC 3 
(K2CO3) cell was removed after 20 days of cell operation, and a 
chemical analysis was performed on the electrolyte using an 
inductively Coupled Plasma-Atomic Emission Spectrometer. 

RESULTS 

Light Water Calorimetry 

The results of the electrolysis for INEL cell runs MC 2 and MC 3 
at 39.5 A constant current appear in Figure l (hand plot of data by 
INEL scientists). As shown in Figure 1 , the MC 3 (K2CO3) cell 
intercepts the Total Input Power axis at 35 W; whereas, the MC 2 
(Na2C03) cell intercepts the Total Input Power axis at 59 W. The 
input power to electrolysis gases given by Eqs. (III.2-IIL5) is 
(39.5)0.48) = 58.5 W. The production of excess enthalpy of 25 W is 
observed with the MC 3 (K2CO3) cell, and energy balance is observed 
with the MC 2 (Na2C03) cell. 

Mass spectroscopic analysis of the gasses evolved by the MC 3 
(K2CO3) cell showed that a significant fraction of the sample was air 
with standard constituents. When the spectrum associated with air 
was removed, the residue showed a majority of diatomic hydrogen anc 
oxygen gases in approximately the 2 1 proportion expected from the 
electrolysis and residual water vapor There were no hydrocarbons, 
no metallic constituents or other anomalies except that a slightly 
higher than expected hydrogen to oxygen ratio was observed. No 
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tritium or deuterium measurements above normal background were 
observed. 

Chemical analysis of an electrolyte sample from the MC 3 
(K2CO3) cell after 20 days of operation found the following 
components at levels above the background levels in the water used 
to fill and replenish the cell: 1.7 pprn silicon, 1.1 ppm sulfur, and 46.5 
ppm sodium in addition to the K2CO3 salt. Small quantities of silicon 
are known impurities in the nickel wire and may have also come from 
the glassware used in various processes. Sulfur is a common 
impurity in the salt, and it may have come from the resin beds used 
for water deionization. Sodium is a probable salt impurity, and it 
may also have come from hand contact with the system. The 
potassium was measured at 43,000 pg/ml corresponding to a salt 
molarity of 055 M (within measurement error of the initial 0.57 
molarity determined by weighing the salt and measuring the water 
for the initial charge). The electrolyte retained its molarity. The 
celt potential characteristics were essentially unchanged over the 
duration of operation. There were no nickel or other metallic 
compounds present in the electrolyte. A visual inspection of the cell 
showed that all of the structural components were intact. The cell 
comprised about 155 moles of nickel in the cathode, about 6.5 moles 
of titanium in the anodes, and about 13.7 moles of K2CO3. The only 
material consumed in the ceil was nano-pure deionized water. 

INEL EXPERIMENT II (Pulsed Power Operation) 

The MC 3 (K2CO3) cell was wrapped in a one-inch layer of urethane 
foam insulation about the cylindrical surface. The top was not insulated. 
The bottom of the cell rested on a 1/2 inch thick sheet of Styrofoam. 

The cell was operated in a pulsed power mode. A current of 10 
amperes was passed through the cell for 0.2 seconds followed by 0.8 
seconds of zero current for the current cycle. The cell voltage was about 
2.4 volts, for an average input power of 4.8 w. The electrolysis power 
average (Eq. (III. 5)) was 1.84 W, and the stirrer power was measured to be 
03 w Thus, the total average net input power was 2. 1 4 w\ The cell was 
operated at various resistance heater settings, and the temperature 
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difference between the cell and the ambient as well as the heater power 
were measured. 

RESULTS 

Light Water Calorimetry 

The results of the excess power as a function of cell temperature 
with the MC 3 cell operating in the pulsed power mode at 1 Hz with a cell 
voltage or 2.4 volts, a peak current of 10 amperes, and a duty cycle of 20 % 

appears in Figure 2. 

Figure 2 shows that the excess power is temperature dependent for 
pulsed power operation, and the maximum excess power shown in Figure 2 
is 18 W for an input electrolysis joule heating power of 2.14 W. Thus, the 
ratio of excess power to input electrolysis joule heating power is 850 %. 

INEL EXPERIMENT 111 (Forced Convection Calorimetry Of INEL Cell) 

INEL scientists constructed an electrolytic cell comprising a nickel 
cathode, a platinized titanium anode, and a 0.57 M K 2 C0 3 electrolyte. The 
cell design appears in Appendix 1. The cell was operated in the 
environmental chamber in the INEL Battery test Laboratory at constant 
current and the heat was removed by forced air convection in two cases. 
In the first case, the air was circulated by the environmental chamber 
circulatory system alone, in the second case, an additional forced air fan 

was directed onto the cell. 

The cell was equipped with a water condensor, and the water addition 
to the cell due to electrolysis losses was measured. 

RESULTS 

Light Water Calorimetry 

The data of the forced convection heat loss calorimetry experiments 
during the electrolysis of a 057 ti K 2 C0 3 electrolyte with the cell 
appears in Table I and Figure 3 The comparison of the calculated and 
measure water balance of the INEL cell appears in Table 2 and Figure A. 

The intercept of the Net input Power (calculated using Eq (IH.5)) axis 
of Figure 3 for both cases of forced convection is l 3 Thus, I j w of 
excess power was produced by the INEL cell. This excess power can not be 
attributed to recombination of the hydrogen and oxyy-.o as indicated by the 
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equivalence of the calculated and measured water balance as shown in 
Figure A. 
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SOBJBCT: INEL CELL CATHODE ESTIMATE 

Attached are the following sketch** and revised eketohee: 
y Cathode Assembly for INEL CELL 12/16/92 
'•' Narrow Cathode Strap for INEL CELL 12/16/92 

Cathode 0-1 INEL CELL 12/2/92 

12/8/92 

Mandrel - Cathode Winding 
Electrode Bjb Ring INEL CELL 
WoU ld vou Please g ive us a 

cathode assemblies per the 12/16/92 sfcetcn, ei 
the 12/15/92 sketch. 
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similar suitable arrangement. 

, m ,u rto those previously fabricated 
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ABSTRACT 

An experimental study was undertaken lo evaluate heal production in electrolysis cells 
designed end set up by Hydrocatalysis Power Corporation (HPC). Results show 50% more heat 
production in cells with an 'active electrolyte" of 0.57 molar K 2 C0 3 . compared lo a cell with a 
control electrolyte o( 0.57 molar N^CO,. Other calorimetric data are presented. Evidence .or 
the mechanism proposed by HPC is discussed, along with an alternative mechanism proposed 
by Arnold Isenberg. Critical experiments to resolve the question of heal production are 
proposed. 
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1. Introduction 

Hydrocatalysis Power Corporation (HPC) has developed electrolysis cells that are 
reported to produce excess power, as heat, during electrolysis of a potassium carbonate 
electrolyte with a nickel cathode. This may be loosely associated with "Cold Fusion" although 
HPC claims an advanced quantum theory that provides a purely chemical explanation for the 
heat production. The effect occurs in cells containing only normal water, arguing against any 
nuclear phenomenon. An investigation of this heat production was undertaken to determine H 
there is an effect that could be the basis of advanced power generation, or H the claimed effects 
can be attributed to poor calorimetry or other experimental artifacts. 
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Following an exchange of information about requirements and facilities. Mr. William 
Good, of HPC. came lo STC on December 7. 1993 to set up four cells lor our evaluation. 
Experiments were conducted until December 23. This letter report is a brief summary of 
experiments conducted and their results. 
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2. Conclusions 

Electrolysis cells provided by Hydrocatatysis Power Corpora.kjn dernonslraled 
fot excess health KjjCO, electrolyte, compared to a con.ro. cell con.am.ng 
Na 2 C03 electrolyte. 

Corrparison of heating due to resistance of electrons 

immersed auxiliary heater was consistent, in some .nslances wrth ^cess hea, 
Served with etecuotyte comparison. However, des.cn P^«e- wdh .he HPC 
cell make power balance comparisons uncerta.n. The desnjn problems mdude 
S Siting temperature of the cells, and ,he vana.ion ol opening 
temperature with operating conditions. 

Evidence for .he mechanism leading to .he observed '^^^^^ 
Data nrovided bv HPC were unconvincing when reviewed by STC experts. In an 
rnd^enttjenment. Arnold Isonberg demons.ra.ed an anerna.^e. chemical 
mechanism .ha. would no. provide a basis lor power produdon 

A basis lor improved cell design and more «^^?£j^L 
crTraderizaZ, of .he HPC thermal effects was es.abl.shed by these 
experiments. Critical experiments were idenlified. 
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3. Recommendations 



1 . It is essential to determine fl the anomalous heat observed in the HPC cells was 
due to the difference in Faraday efficiency of electrolytic gas generation between 
the K 2 C0 3 and Na 2 C0 3 electrolytes, as Isenberg observed with a different cell 
geometry, tf the anomalous heal ts only due to difference in Faraday efficiency, 
there is no effect worth further investigation. 

2. If the heat anomaly survives the determination of Faraday efficiency, further 
studies should be directed at determination of scaling effects. Improved cell 
design features have been identified for such studies. These are described in the 
discussion. 

3. HPC has developed a gas phase cell that does not require an electrolyte or 
electrolysis. These cells merit further attention. 
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4. Experimental: 

" H,GH S^cl^se, up ident-ly in 2 ,er dewars. Each had a cathode made 
up ol 500 m o( 0.38 mm diameter Ni wire (ALFA, .99999 pure), grving 0.6 surface area. The 
cathodes were wound loosely on porous teflon forms. The anode of each cell was Pt deposited 
on a Ti mesh, approximate* 1 4 cm long by 4 cm wide, folded back on itself about 6 cm. Two 
such pieces were used lor each cell, for an approximate area of 200 cm 

The cells were constructed by placing the cathode in the dewar. placing the anode 
down the center of the teflon form, and also placing an auxiliary healer and a thermocouple in a 
glass tube down the center of the teflon form. All three cells were connected in series wrth a 
common power supply. This was to ensure that equal electrolysis was done in each cell. 

The components of each electroVsis cell were prepared by following a protocol 
established by HPC. appendix 1 . Each of these first three cells was set up by Bill Good. 

The cells were polarized and electrolyte. 0.57 M K 2 C0 3 . was added to perm* 
electrolysis current to flow. This step was done as quick* as possible to ensure that no cathode 
was exposed to the highly basic, corrosive electrolyte without undergoing electrons*, for more 
lhan the minimum time necessary. Initially. 1-5 lo' electrolyte was added to each cell, to bong 
me electrode level to the top of the electrode assembty. Later, after the electrolyte had heated 
up and expanded. H was necessary to remove tOO ml of solution, leaving a charge of 1 .4 I of 
electrolyte in each cell. The power supply was adjusted to provide a nominal electron current 
of 3 amperes. This initial set up was somewhat rushed because Bill Good had only 3 days 
available at STC. 

A plastic foam fid was made for each cell. The lids had some thermal insulation value, 
but were definitely not gas tight. Lead wires penetrated for the electrodes and for the auxd-ary 
healer Additional penetrations permitted insertion of the thermocouple and a small funnel that 
allowed for addition of water to compensate for the water lost to elec.ro.ysis. calculated lobe 25 

ml/day for electrolysis at 3 A. 

A data collection system was set up. based on a Mo.ytek data recorder acquired for 

this purpose. It was set up to measure the following parameters: 
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Series current 

Room Temperature (measured in a dummy dewar cell containing distilled water). 

For each cell: 

Voltage drop 
Cell temperature 
Heater vottage 

Heater current, measured as voltage drop across a 0.01 ohm. 1% precision 
resistor. 

The Mor/tek allows channels to be used for calculations based on the information in olher 
channels. So. lor instance, the heater power was calculated lor each cell. By the time the fourth 
cell was on line, all 32 channels of the data logger were in use. 

Initial experiments were performed with 0.57 M K 2 C0 3 in all 3 cells. They were run at 
3 A until they reached thermal equilibrium. At these equilibrated conditions the three cells were 
at the following temperatures: Cell A. 68.1 * C: Cell B. 68.8- C. and Cell C. 69.4 ■ C. Since the 
room temperature was 23.7 'C. that meant the three cells were showing very similar response, 
about 45 " C above ambient temperature. 

The power being delivered to each cell was determined by measuring the voltage drop 
across each cell. The total power is then the product l seri es v cell in «° eacn cel1 - bul ,he P° wer 
available lor heating the cell is less due to the toss of heat from evolution of electrolysis gases. 
HPC assumes 100% Faraday efficiency for electrolysis gas evolution, so the power available for 
cell heating is reduced by the enthalpy of formation of the gases from water, which corresponds 
to 1 .46 volts. Then the heating power into the cell, assuming 100% Faraday efficiency of gas 
lormation. is 

W C | = lseriesvcell- 1 - 48 > 

Auxiliary healers were placed in each cell, to permit 'on-the-lty- calibration of the 
power balance in the cells at conditions close to any given set d operating conditions. A series 
of experiments were performed in which combinations ol electrolysis power and heater power 
were applied, and the equilibrium temperatures of the cells determined. These experiments are 
summarized in figures 1 to 3. which show the conditions ol operation summarized as the 
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eleclrolysis healing power. W el . auxiliary heater power. W h „. W lola , = W el ♦ W htr . and the 
healing coefficient lor Ihose oondilions. Rgures 4 to 6 show ,he lemperalure rise .or each ce.l a. 

the same conditions. 

On December 20. cell A was switched (rom the K 2 C0 3 electrolyte to Na 2 C0 3 to 
provide a control experiment. Na2C03 is not expected to be catatytic (or extracting energy Iron, 
H atoms and HPC rooting use it as a control. Prior to the electrolyte switch, all three cells were 
again equilibrated at 3 A electrolysis current with no auxiliary heat, and were stil. showing simlar 
behavior whh temperatures ranging from 66.4 to 73.8 • C. After the elec.ro.yte switch. Cel. A 
equilibrated at 49.9 • C. while Cells B and C were at 69.2 and 74.9 • C. 

42 LOW TEMPERATURE CELL 

The high operating temperatures of the first three cells caused several problems, such 

. At such high temperature, the vapor pressure of water is approximately 0.5 
aim. and the variation with temperature is significant. The gases lost through 
electrolysis will thus cany off an approximately equal volume of water vapor, 
and this loss is temperature dependent. TMs makes rt difficult to interpret 
thermal effects associated with changes in power to the cell which result in 
operation al various temperatures. 

. The resistance ol the electrolyte to current flow is temperature dependent. 
When the heat loss coefficient of a cell is as low as that for these dewar cells, 
resulting in a heating coefficient of >10 - Owatt. each change in cell condhions 
produces a dilferen. healing effect due to operation at a different temperature. 

. Water was added to each cell periodically to make up for the gases las. 
through eleclrolysis. However, the additional loss due to evaporation was 
significant and more difficult to compensate. When this effect became 
evident, one cell (B) was put on a balance to provide dairy weight information. 
However, since this effect is temperature dependent, the same correction drf 
not apply to all cells. Furthermore, periodic addition of cold water is 
equivalent to a power loss that is not considered in the power balance 
calculation. Adding the same amount of water to each cell balanced the 
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power effect, but did not adequately compensate to maintain constant 
electrolyte composition. 

. Because ol the high cell temperature, addition of auxiliary heal required the 
heater to run at even higher temperature. Heat conduction through the lead 
wires was probably significant, reducing heat into the solution and causing the 

...cheating coefficient for auxiliary heat lo be low. 

A fourth cell was set up. using another set of electrodes provided by HPC. 
Instead of a dewar. the cell was made with a 2 gallon high density polyethylene pail with 
a tight fitting lid. The cell setup was essentially the same as the three smaller volume 
dewar cells, except that the pail had enough room on the bottom to use a magnetic 
stirrer off to one side lo provide additional stirring to supplement the mixing due to 
bubbles from the electrolysis. A larger (but unf ihered) power supply permitted running 
this cell at a higher curTent. up to 7 amps. This cell was filled with 7 liters of 0.57 M 
K 2 C0 3 . Initial heating with only the auxiliary heater, al power up to 6.1 W heated this 
cell up to only about 1 • C above ambient. When electrolysis was begun, it was set at 7 
amps, with a voltage drop across the cell of 4.2 volts, giving net electrolysis heat of about 
1 9 W. The cell equilibrated at about 32 ' C. 9.5 • C above ambient, giving a heating 
coefficient of 0.5 deo>W. An attempt was made to reduce the electrolysis power to 10 W 
and replace that power with auxiliary heat, but under these conditions the dairy variation 
in room temperature was larger than any other observed eftect. 

4.3 Results 

4.3.1 Experiments with K 2 C0 3 electrolyte 

Initial results showed approximately 11-13 degrees/watt of heating when the cells 
were run with only electrolysis. When the auxiliary heaters were used in addition to the 
electrolysis heat, the additional heal rise was equivalent to about 8 deo/watt. Thus, the 
-excess heat" from electrolysis seemed to be about 50%. based on the assumption of 
100% Faraday efficiency of electrolytic gas production. Other tests were designed to 
further check this initial observation. These consisted of various settings of electrolysis 
and auxiliary heater powers, illustrated by figures 1 to 3, which show the various power 
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levels and the observed heating coefficients (or celts A. B. and C. respectively- figures 4 
to 6 show the same power data, along with the observed temperature rise lor these cells. 
In all Ihese figures, each point represents equilibrated behavior al the indicated 
conditions, based on at least several hours of slable traces observed on the chart 
recording of the data logger. In most cases, multiple points were recorded and plotted at 
constant conditions, to illustrate the reproducibility and stability of the experiments. 

In figure 1 . the heating coefficient for cell A is shown for electrolysis at 3 amps, 
with three levels of auxiliary heating of 0, 0.54 and 1 .2 W. Each time the heater power is 
increased, the heating coefficient decreases. However, as figure 4 shows, the 
temperature of the cell does increase as the power is increased. Some more subtle 
effects are also apparent. The electrolysis power decreases a little each time the 
auxiliary heat is increased. This is because the conductivity of the electrolyte increases 
with temperature, so at constant current the voltage drops and the power decreases 

slightly- 
Following the experiments at 1 2. W of auxiliary heat, an attempt was made to 
provide the same total power with electrolysis alone. The healing coefficient did increase 
a little, as would be expected H there is an anomalous heat source associated with 
electrolysis. However, as mentioned above, loss of heat from the heater through the 
electrical leads would also cause the same effect. 

Finally, the electrolysis current was set at 3 amps again to establish the 
equilibrium behavior before changing the electrolyte in cell A to Na 2 C0 3 The 
temperature rise and heating coefficient were very close to those observed in the initial 3 
A electrolysis with no auxiliary heating. 

Cells B and C showed effects similar to those observed for cell A. except that their 
auxiliary heater levels were set at other values to get more information on the effects of 
auxiliary heal. However, cell C consistent* had the highest temperature of the three 
cells, and thus was susceptible to the largest toss of water Irom evaporation. This 
became apparent when the temperature was observed to continue a slow increase under 
steady operating conditions, illustrated by data from Dec. 14 and 15 in figure 6. Cell 
resistance kept dropping and the temperature kept rising as the salt concentration 
increased. 

25 ml ol water was being added daily to each cell to replace the calculated loss 
due to eleclrorysis I lowever. h became clear thai this was inadequate due to the likety 
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evaporative loss. A high capacity balance was Ihen obtained and placed under cell 8 
(chosen because it was intermediate in temperature). The weight change over 24 hours 
was about 50 g. consistent with the expectation ol 25 g for electrolysis and an equal 
amount of evaporation H the vapor pressure of water is 0.5 atm. Accordingly, the daily 
water addition was changed lo 50 ml per cell. This would still be expected to slightly 
overcompensate in cell A. the coolest cell, and undercompensate in cell C. the hottest 
cell. In the end. when the cells were shut down and dismantled, the volume of electrolyte 
in each cell was measured. Cell C was down to 1 000 ml. showing a net loss of about 
400 ml of water over the duration of the experiments. CeU B contained 1300 ml of 
electrolyte, showing that K had been fairly well replenished once the weight change 
information was available. Cell A had 1350 ml. but h had been changed over lo Na 2 C0 3 
electrolyte only a lew days earlier. 

The electrolyte stability was a matter of concern once the evaporative loss 
problem was recognized. Accordingly, samples were extracted from each cell for Total 
Inorganic Carbon (TIC) analysis. For these electrolytes. TIC should be a direct 
measurement of C0 3 = concentration. On 12/20. the three cells showed the following 
values of TIC: 

TIC 

Cell Gjolar 
A 0.46 
B 0A7 
C O- 44 

Thus there seems lo be some loss or destruction of carbonate under the cell operating 
conditions. 

4.3.2 Control Experiment with Na 2 C0 3 Electrolyte 

Because Cell C was more erratic than the other two. and because Cells A and B were 
very similar, k was decided to change the electrolyte in cell A to 0.57 molar Na 2 C0 3 for a control, 
since Na 2 C0 3 is not expected to be catatyticalty active lor hydrogen shrinking. An objective of 
this test was to adjust the electrolyte concentration to match the resistance of cells A and B. and 
thus to run them at the same input power. Since the concentration of C0 3 = had changed. 
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according to the TIC measurement, the resistances were expected to be different. However, 
when the cells approached equilibrium and the resistance stopped changing with temperature, 
they turned out to be very dose, so no adjustment was needed. This meant that the cells were 
running with nearly identical electrical input power. 3.42 W for Cell A and 3.79 W for Cell B. With 
a heating coefficient of 12 deg/W. one would expect cell A to be about 5 degrees cooler than cell 
B under these conditions. However, the equilibrated cell temperatures were A: 50' C. and B: 
69' C. Cell C was at 75* C. Thus h seems that there is anomalous heat in cell B thai causes 
> 1 5 * additional heating. If cell A is a true control, and its temperature represents the effect of 
resistance heating, then the true heat coefficient is about 8 deg/W. and the anomalous heat in 
cell B is about 50% greater. The effect of switching electrolytes is illustrated in figure 7. 

Considering that the time for these experiments allowed only a few characterization 
tests, and no real optimization, the 50% excess heat with K 2 C0 3 compared lo Na 2 C0 3 
electrolyte seems to be the effect predicted by HPC. The actual temperature difference of 15' C 
is large enough to give confidence that trivial measurement errors are not the cause of the effect 
However, two additional sources* of information have added doubt about the HPC mechanism 
and to the question of whether such cells represent a source of useful heal. 

4.3.3 Isenberg's Chock of Faraday Efficiency 

Arnold Isenberg was an interested and very helpful observer of these experiments. 
When I had the cwortunity to describe the final results, especially the difference between the 
K 2 C0 3 and Na 2 C0 3 electrolytes, he raised a potential alternative mechanism based on the 
formation of percarbonates due to the reaction of dissolved oxygen with the carbonate in the 
electrolyte. He requested, and received, permission to conduct a brief experiment experiment, 
described in attachment 2. to see K this might indeed cause the observed difference in 
temperature rise for the two electrolytes. As he describes, the Faraday efficiency of electrolysis 
gas evolution in the two electrolytes was different, and the presence of peroxy species was 
demonstrated. 

4.3.4 Byers* Review of ESCA Data 

HPC has conducted a search for the "shrunken hydrogen" product of the electrode 
reaction that produces excess energy in these reactions. If the existence of shrunken hydrogen, 
at the energy levels of the Mills theory, could be proven, a promising new energy source could be 
assured and further development would be clearly warranted. Unlortunatery. Art Byers' 
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evaluation of the Electron Spectroscopy for Chemical Analysis (ESCA) data presented by HPC is 
thai the evidence is not convincing (see attachment 3). 

4.3.5 Other Factors for Consideration 

As will be discussed below, the cells presented for evaluation by HPC performed as 
expected, showing excess energy when K 2 C0 3 was used for the electrolyte, compared to a 
control cell filled with Na 2 C0 3 electrolyte. However, the time available did not allow lor much 
parametric investigation. The data represent certain experimental conditions, but no optimization 

studies were performed. 

Other factors should be examined before final decisions are made about this 
technology. In particular, the following seem worthy of consideration: 

HPC claims observation of cells that produce more heat than the total input 
electrolysis power. If such claims can be substantiated, alternative mechanisms 
involving chemicals such as percarbo nates would not explain the observations. 

After a discussion of cathode preparation between Bill Good and John Jackovrtz. 
John provided a sample of Ni fett. annealed under hydrogen at 1 1 00* C. Initial 
response from HPC was that with this cathode material, a cell drawing 80 amp, with 
vottage drop of SL2V. lor total electric power input of 0.1 76W, produced 0.250W of 
heat. They requested 7 additional sheets of the Ni felt, to produce a cell that would 
develop 120W of excess heat. The e fleet of this cathode material could be 
evaluated at STC. The results of HPC tests are not known at this time. 

HPC has also described energy production in cells that use gaseous hydrogen, and 
. which do not involve electrolysis. In these cells, high pressure H 2 is applied to a 
cell prepared with a coating of the catalytic K 2 C0 3 . and high rates of heat 
production are observed. In fact, it is reported that excess energy production 
continues after input energy is terminated, lor significant periods of time. 
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5. Discussion 

In general, the cells provided by HPC performed as they were expected to. The heat 
generated by resistance to electrons current, assuming 100% Faraday efficiency of electrolysis 
gas generation, was greater than the heat generated by the pure resistance heating of the 
auxiliary heaters. Furthermore, the heat production was greater with K 2 C0 3 than with Na 2 C0 3 
electrolyte, by about 50%. On the bas is of these results, HPC reels that this demonstration was 
successful. 

Unfortunately, several factors reduce one's confidence that these cells have identified 
an attractive heat source that could be developed for power generation purposes. These will be 
discussed below. 

The first factor to be considered in discussion of these experiments is problems with 
the heat measurements. Part of the problem was that these cells operated at quite a high 
temperature; higher than was anticipated. The operating temperature was difficult to predict 
because the heat loss coefficient for this size end design of cell was unknown. When these cells 
turned out to equilibrate around 70" C. h caused at least three problems: 

At this temperature, the vapor pressure of water is about 0.5 atm. and h varies 
significantly with temperature. Thus, changing operating conditions in a way that 
changed temperature changed the heat loss due to evaporation of water. 
Furthermore, there was uncertainty about how much water to add to a cell each day 
for replacement of water loss due to electrolysis. 

The effect of the auxiliary heaters was difficult to interpret. The heater had to get 
quite hot to generate significant heating at the cell conditions. Power loss through 
the heater wires could be significant, and difficult to estimate. This couW explain 
the low heating coefficient for the auxiliary heaters relative to the heating due to 
electrolysis. 

Finally, there was loss of inorganic carbon during the experiments, perhaps from 
thermal breakdown of carbonate ion. or perhaps due to aerosol formation and 
transport. This is evidence for chemical reactions that are not accounted (or in the 
HPC model; how the power balances of the cells are affected is unknown 
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Another feature ol the heat eHects was that the heating coefficient decreased any lime 
a change was made that increased the cell terrperalore. This includes changes such as 
increasing the electrolysis current, as well as changes such as adding auxiliary heating at 
constant electrolysis current. This effect is probably due to increased evaporation loss, but it 
makes interpretation of the heal measurements more difficult. 

- : An attempt was made minimize the effect of temperature change by operating the 
cells at the same total input power by varying both heater and electrolysis powers. The 
equilibrated results are shown in the figures lor data of 12/18 to 12/19- These results are not 
very conclusive; the cell temperature and heating coeficient are determined mostly by the total 
input power, and not on how the power is partitioned between electrolysis current and auxiliary 
heater. This was also the case when the same thing was tried with cell D. operating at much 
lower temperature. 

If the temperature measurements do not show a clear heating anomaly. Ihe effect of 
changing electrolyte from KgCOa to Na 2 C0 3 was remarkable. The intent was to change 
electrolyte in one cell, and to match the power input lor the two cells (A and B) connected m 
series This worked out quite well, and the Na 2 C0 3 cell equilibrated at a temperature 20 - C 
tower than the cel. containing the K 2 C0 3 electrolyte. At first, this looked like dear confirmation of 
the HPC effect. 

isenberg's measurement of the difference of Faraday efficiency for the two electrolytes 
raises quite a different possibility for the difference in temperature between the K and Na 
electrolytes. He observed Faraday efficiency of 57% lor K 2 C0 3 in the temperature range of 

and69%for N a 2 CO 3 at50-55-C. This 12% difference, scaled to Ihe 3A electrons* 
current, would account for about half of the observed temperature anomaly. Given the difference 
in geometries of the experiments, it is not clear how to compare them. Isenbetfs setup had the 
anode and cathode concentric with a thin insulator between them, gtving maximum coportumty 
for the recombination reaction. In the cells described in this report, the electrode separate was 
much greater, but there was sufficient agitation of the electrolyte solution that when the cells 
were opened on 12/23. the electrolyte was very uniformly filled with tiny bubbles. This was good 
in terms ol providing sullen, agrlatton ,o provide uniform temperature in the cel.. but possibfy 
also ol promoting recombination. 

In contrast to Isenberg's experiment, the daily weight loss in Cel. B indicated loss of 50 
g ol water/day. This is lully consistent with 100% Faraday efficiency plus toss of an equal 
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amount of water due to evaporation at the 0.5 atm vapor pressure of water at the cell 
temperature. Alternatively, the 50 g/day loss could result from lower Faraday efficiency and 
evaporative loss if there is significant formation and transport of aerosol from the cells. 

5.1 Additional Studies _ ^ , , * 

Some addilionaNexperiments. based on these preliminary observations, should be 
able to resolve the issues raised here. The following approach is suggested: 

1 . It is essential to determine H the depolarization observed by Isenberg, attributed to 
chemical reactions leading to the formation of percarbonates. caused the difference 
in temperature between cells when Na was substituted for K in the electrolyte. The 
principle change in our setup required would be to use a sealed lid on the cell with 
a vent for gas release which would permit the evolved gases to be measured and 
characterized. Hard plastic lids that would meet this need were machined, but 
there was not time to use them. 



2. 



The sealed cell configuration of test 1 would also permit examination of the effect of 
increased agitation to assure uniform temperature distribution in the cell, and a test 
of a mechanism proposed by Gene Struhl (Baltimore, retired). He has proposed 
that the heal observed results from chemical reaction of the hydrogen formed at the 
cathode, and that the effect could be enhanced by sparging with oxygen, or 
diminished by sparging with nitrogen. Sparging would provide a way of varying the 
agitation in the cell, as well as a way to investigate the effect of the sparging gas on 
cell heat production. 

The results of these tests 1 and 2 would determine the Faraday efficiency of 
electrolytic gas production in our cells. If H is shown that the observed temperature anomaly is a 
result of differing Faraday efficiencies lor the two electrolytes, there would be no reason to 
pursue further experiments at this time. However, it would be desirable to continue to monitor 
developments that might indicate true anomalous heat production, particularly in gas phase cells 
in which the problems associated with electrolysis do not arise. 
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If the observed heat anomaly survives the Faraday etliciency lest, there are a number 
of additional tests that should be considered as a sound development program. These include 
the following: 

It will be very valuable to establish a mode of operation that will permit separation ol 
the cell temperature from the cell power. This can be done by operating a flow cell 
in which flowing electrolyte is introduced into the cell at a preset (variable) 
temperature, and the temperature rise in the cell is determined. In such a flow cell, 
the temperature rise can be controlled by controlling the flow rate. Shorter 
residence time in the cell should also minimize electrolyte destruction, and permit 
determination of electrolyte stability. Experimental parameter variations will be 
under much better, controlled conditions. Jim Bauerle has considered the design of 
a flow calorimeter for such experiments, and his input will be invaluable in designing 
and carrying out these tests. 

The cooperation between John JackovKz and Bill Good has identified Ni mesh, 
annealed under H 2 at 1 100* C as a cathode material with the potential to produce 
true excess energy greater than the product of cell voltage times current. This 
electrode material should be employed in our well designed flow cell. 

HPC recommends understanding electrolysis cells before trying experiments with 
' gas cells. However, the gas cells provide a possible route to the high temperature 
operation needed for power generation, without the problems associated with 
carrying out electrolysis in aqueous solution at temperatures above the boiling point 
of water. An objective of advanced testing should be to lest and characterize gas 
cells, including use of the 11 (XT C. H 2 annealed Ni felt as the catalytic surface. 
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Hydrocatalysis Cell A 

Equilibrated Cell Conditions 




Date 



BWel x Whtr o-Wtotal <^ Heat CoeM 



Pln„rp 1 EouBibrated values lor healing coefficient of cell A at various conditions of input 

Rgure 1. g^ ra ^ n , s be(ore 12/22 are wi.h^COg e.ec.ro.yte: last three po.n,s are wdh 

Na 2 C0 3 electrolyte. 
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Hydrocatalysis Cell B 

Equilibrated Cell Conditions 




Date 



{=}- wel ^Whtr O Wtotal ^ Heat Coef. | 



Figure 2. Equilibrated values for healing coefficient of cell 8 at various conditions of input 

power. All points are with K 2 C0 3 el >ctror/te. 
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Hydrocatalysis Cell C 

Equilibrated Cell Conditions 
■ — r15 




Date 



q y/Vel -X- Whtr O- Wtotal Heat Coet. 



Figure 3. Equilbrated values (or heating coefficient of cetl C at various conditions of input 

power. All points are with K 2 C0 3 ef^rofyte. 
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Hydrocatalysis Cell A 

Temperature rise vs input power 




14-Dec 14-Oec 14 -Doc 



Date 



BWel ^Whtr o- Wtotal ^ delta T | 



Figure 4. 



Equilibrated values lor temperature rise ffij) of cell A at various conditions ot 
r^ut power. Points belore 12/22 arowith K 2 C03 electrolyte: last three po.nts 
are with Na 2 C0 3 electrolyte. 
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Hydrocatalysis Cell B 

Temperature rise vs input power 




Figure 5. 



Equilibrated values lor temperature rise (tT) of cell B at various conditions of 
input power. All points are with K 2 CQ 3 electrolyte. 



Hydrocatalysis Cell C 

Temperature rise vs input power 




Date 



O Wei X: Whtr Wtotal delta T 



Figure 6. Equilibrated values (or temperature rise (AT) of cell C at various conditions 

input power. All points are with K2CQ3 elect rolyle. 
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Hydrocatalysis Data 

Etlect ol Na2C03 in Cell A 




Date (not linear with time) 



■ T(A) ■ T(B) ■ T(C) 

g Wtotal(A) H Wtotal(B) H Wtotal(C) 



Figure 7 Effect ol changing electrolyte in cell A from K 2 C0 3 (before 1 2/22) to Na 2 C0 3 . 

Bars show equilibrated temperature ( ->r various input power conditions. 
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Recently you conducted some nice calorimetric measurements on electrochemical 
cells during the electrolysis of potassium- and sodium-carbonate solutions, in order 
to verify data that had been obtained by R. L Mills and W. R. Good of 
HydroCataiysis Power Corporation using anode/cathode hardware, that they 
provided to you. As you informed me, you confirmed that the thermal effects dunng 
the electrolysis of K 2 C0 3 solutions were significantly more exothermic than in 
Na 2 C0 3 solution as electrolyte. 

Mills and Good have observed this effect and explained it through a rather bizarre 
theory involving new energy states of hydrogen. The thermal effects, in my view, 
needed an immediate rational explanation. Therefore, I conducted several 
electrochemical measurements that can explain higher exothermal reactions dunng 
the electrolysis of aqueous KgCOg-solutions as compared to Na 2 C0 3 -soiut»ons. In 
the interpretation of enthalpy measurements as proposed by Mills and Good, the 
assumptions are made that the faradaic efficiency with respect to gas evolution Is 
100% This assumption enters into the computation as a loss of energy from the 
calorimetric system. However, when electrochemical side reactions take place, gas 
evolution rates may be reduced and the side reactions can contribute to exothermic 
effects within the calorimeter. Computations, therefore, must take such thermal 
effects into account 

I electrolyzed aqueous solutions of K 2 C0 3 and Na 2 C0 3 within the confines of a 
500 ml gas burette, in order to measure the total volume of gas evolving from anode 
and cathode. The rate of gas evolution was measuied and pressure, temperature, 
and humidity corrections were made. No special pretrealment (purification) of 
electrodes or electrolyte were made. I suspected anodic side reactions could 
involve the formation of percarbonates (adducts of hydrogen peroxide and 
carbonates). These compounds would depolarize (be reduced at) the cathode and 
lead to a lower than theoretical rate of gas evolution (<10.45 ml gas per ampere 
minute). 



The presence of percarbonales can be detected by acidifying the electrolyte and by 
subsequent reaction of the solution with potassium iodide. The presence of HgOg 
(from percarbonate) will lead to the formation of free iodine which is colonmetncaily 
detected with a starch indicator. Both electrolyte solutions did show a strong .odine 
reaction after electrolysis had been performed, thus, explaining the low efficiency tn 
observed gas evolution. 

The essential experimental data are summarized in Table 1 and the simple 
electrolysis apparatus is shown in Figure 1 . 

Following observations have been made: 

• Gas evolution in both electrolytes is significantly below 100%. 

• Higher efficiency of gas evolution is observed in the Na 2 C03^lectrotyte, 
which explains higher enthalpy values in an otherwise "mirror K2CO3 
system. 

. Increased electrolyte temperature decreases gas evolution efficiency in both 
electrolyte solutions significantly. 

The last observation was not expected because H 2 0 2 is less stable at higher 
temperature. This would indicate that the cathode depolarization reaction rate 
determines the gas evolution efficiency. This rate would be expected to go up with 
temperature. 

Conclusions: 

. Comparison of thermal effects in the electrolysis of K2CO3 and Na^COg can 
only be made if careful gas evolution and gas composition analysis is 
conducted in addition to the calorimetric measurements. 

. Anodic/cathodic side reactions in the two electrolysis systems are expected 
to depend very much on the geometry of the electrochemical cell, current 
density, temperature, electrolyte volume, and power supply current profiles. 

. The experimental apparatus of this study underestimates gas evolution 
inefficiencies because of a relative low current (as compared to 3A in your 
calorimetric experiment), higher dilution of anodic by-products (2 liter 
electrolyte) and partial removal of anodic by-products from the electrolysis 
cell active region by the increasing gas column in the gas burette/electrolysis 
cell envelope. 

The latter point is demonstrated by comparison of experiment 1 and 2 in Table 1. 
Before the start of the second experiment, the electrolyte had been ennched with 
anodic by-products from the first experiment. Then, the electrolyte column in the 
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burette was raised to the top and during the se^nd experiment 

operated in an environment ot accumulated anode by-products. The explains the 

lower gas evolution rate under otherwise similar condmons. 

P,ease lee. Iree to use this information in the interpretation of your carefully 

executed calorimelric measurements. 



Arnold O. Isenberg 

Consulting Scientist 

Advanced Energy Conversion Division 
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Table 1 

Efficiency of Gas Evolution in 
Alkaline Carbonate Electrolysis Cells 



Expe: 



sriment 


Electrolyte 
Tvr>e 


Electrolyte 
Temperature 
°C 


Current 
A 


Collected 
Gas Volume 
ml. S.T.P 


Gas 
Evolution 
Rate 
ml/min 


Gas 
Evolution 
Efficiency 
% 


3 

1 


0.57m K 2 C0 2 


19 


1.00 


216.7. 


7.01 


67.1 


2 


0.57ra K 2 C0 3 


19 


1.00 


260.9 


6.74 


64.5 


3 


0.57m Na 2 C0 3 


22 


1.00 


256.3 


7.92 


75.8 


4 


0.57m Na 2 C0 3 


50-55 


1.00 


250.3 


7 .18 


68.8 


5 


0.57m K 2 C0 3 


55-65 


1.00 


252.0 


5.98 


57 .2 


6 


0.57ro K 2 C0 3 


65-70 


1.00 


2S1.5 


5.89 


56.4 
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Current Source : 

1.2A, HP-constant current power supply 

Current Measurement : 
5A - 50 mV shunt/millivolt meter 



500 ml 
gas burette 



TEFLON 
insulated 
el ectrode 
contact wires 



Nickel exmet roll 
<x.l/2 M 0.0. by 4" 

Nickel exmet roll* 
•vl/8" thick by 6" 



2 layer fine VEXAR 
separator 

2 liter 

electrolyte 

container 



^Magnetic stirrer 



Fig. 1 - Gas meter - electrolysis cell, 
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Hydrogen 



To: STC 

John Spitznagel 

cc: S. H. Peterson 1 
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W. G. Clark, Jr. 



I have reviewed the paper by Randell L. Mills and William R. Good on the evidence 
for fractional quantum energy levels of hydrogen. This paper proposes the creation 
■hydrino" atoms on nickel electrodes during the electrolysis of aqueous potassium 
carbonate. The proposed hydrino atoms are hydrogen atoms which have dropped 
into a new electronic ground state where n=1/2. The existence of this fractional 
quantum level is used to explain the production of heat in electrolysis experiments 
which was previously attributed to cold fusion. ESCA characterization of the nickel 
electrodes was used to support the hydrino theory. 

The ESCA evidence consisted of a broad peak at 55 eV binding energy in a 
spectrum from an electrode in which excess heat was observed. This is the binding 
energy which was predicted for an electron in a hydrino atom. The authors state 
that 'There is no known atom which-has an electron with a binding energy in this 
region that was present in the electrolytic cell.* While it is true that none of the 
elements which were intentionally added to the cell have electrons with binding 
energies in this area, the possibility of the presence of trace impurity elements must 
be considered. A cathodic electrode will concentrate even ultratrace elements to 
levels detectable by ESCA. 

A search of the NIST XPS database identified a number of compounds which had 
elements with photoelectron transitions in this area. The most common are 
compounds of iron. The binding energy for Fe 3p electrons ranges between 52.8 
and 57.95 eV depending on the oxidation state of the iron. The broad peak which 
was observed is common for iron compounds of mixed valence state or for iron 



John Spitznagel 
January 18, 1994 
Page 2 



oxide mixtures. The presence of iron could be confirmed by looking at the more 
intense 2p photoelectron peak which have a binding energy near 710 eV. The 
ESCA scan in the Mills paper went no higher than 310 eV. Compounds of lithium 
and osmium could also have produced peaks in the 55 eV region. The authors 
would have built a more convincing argument for a new quantum state had they 
addressed the impurity issue. 

Another consideration which sheds doubt on the authors interpretation of the ESCA 
results is that the lightest elements are very difficult to detect. The minimum 
detection limit for lithium is typically near 10 atomic % ( and hydrogen cannot be 
detected at all under normal conditions. The expected poor detection limit for the 
hydrino atom requires that it be present at high concentration at the nickel electrode 
surface. This is unlikely because of the high vacuum required for ESCA. 

In summary, the ESCA data presented by Mills and Good does not provide strong 
evidence for fractional quantum states of hydrogen. 

W. A. Byers 
Corrosion Technology 
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T i ght Water Calorime 'n' Fxperiments 

Westinzhouse scientists report that excess heat was observed during the electrolysis of aqueous 
^^!Zate (K+/K+ electrocataiyti^ouple); whereas, no excess heat was observed 
during the electrolysis of t aqueous sodium carbonate. 

powci, me v duration of the experiment, one month. ine present 

e exSn?a retlts'are consisiTwUh' the re .ea s&f heat energy from hydrogen atoms when, 

™Mpie of 27.2 «V is possible (see E,.<4) telow). The excess energy c«M no. be nphwd 

by recombination or known chemistry. 

has a net energy change of 27.28 eV. 



27.28 eV+ K* + JT + «[^] - * + + "[^] + ^ + ^ " ^ ^ 



3.6 eV (1) 



And, the overall reaction is 

13.6 eV ( 3 ) 



4^M^] +I(p+1)J ~' w 



For two sodium ions, no comparable reaction with a net enthalpy equal to an integer multiple of 
2lTeVis pTsible. For example, 42.15 eV of energy is absorbed by the reverse of the react™ 
given in Eq. (2.14), where Na + replaces K + • 

Na* + Na* + 42. 1 5 e V -» Na + Na 2 * < 4 > 
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A Westinghouse research scientist proposes that the excess energy may be due to recombination 
(buminfofthe evolving hydrogen and oxygen) or some exotic chemical reaction of the 
coZerlnof the electrolyte which consumes some of the current that otherwise would 
electrolyte water. 

The general form of the energy balance equation for the cell in steady state is: 

0 = P in + Pxs " Ploss (5) 

where P n is the input power; P xs is the excess power generated (the source of this power is 
Sen by Eqs. (l)-(3) above); and P loss is the thermal power loss from the eel . In these 
fx^riments 9 the applied voltage, V appll and the current, I, were constant. Thus, the input power 

is given by 

P -V ,1 (6) 

r in _ v appl 1 

When an aqueous solution is electrolyzed to liberate hydrogen and oxygen gases, the input 
power can be partitioned into two terms: 

Pin = ^ohm + ^gas ^ ^ 

where P ohm is the ohmic power that heats the cell and P gas is the power needed to produce the 
H2 and O2 gases. 

H 2 0(l)^H 2 (g) + ^0 2 {g) (8) 

An expression for P gas ( = V gas I) is readily obtained from the known enthalpy of formation of 
water (AHf = - 286 kJ/mole): 



__Ar/,_ -286X10 ? J/m O fe _,,„„„,„ (9) 
aF 2 X 96484 C / mole 

where a is the number of moles of electrons involved in the reaction and F is the Faraday 
constant The net Faraday eff.ciency of gas evolution is assumed to be umty. Thus, the ohmtc 

power is given by 

Pohm = (Vappl- 1-48)1 (10) 

The experimentally observed rise in temperature of the potassium experiment was , twice lh* 
of the sod um experiment. The temperature rise cannot be attributed to a hypothesis tha 1 the net 
faradav efficiency of gas evolution is not unity, because it was experimentally measured to 
bTumty by wdghinglhe experiment to determine that the expected rate of water consumption 
w^s ob^rv^d and the output power exceeded the total input power. This further overcomes 
The hySS of IsenbergLt an extremely unusual chemical reaction of ^ carbonate ion was 
responS for consuming the current. Furthermore, the hypothesis of Isenberg is highly 
improbable, for the following reasons: 



2 



. The chemical reactions proposed by Isenberg would be "^^j^'b^^'bSh 

'p^si^ 

under identical conditions. 

. Production of percarbonate from carbonate consumes energy, as opposed to producing 

energy. 

. The carbonate concentrations of all of the experiments was ^J^J^ 0 ^^ 

Khim Tashkent, USSR). DokL Akad. Nauk Uzb. SSR 1968, 25{/)\. 
experiments. 

0.57 moles/liter X 1 . 5 liters = 0.85 moles ( 1 1 ) 

According to Faraday's Law, a current of 3 amperes consumes one mole equivalent in 8.9 hours. 

96484 coulombs / mole equivalent _ ?0 |A1 CArnnHs rK Q hours (12) 
3 coulombs / second 

The duration of the experiment was one month, and the excess energy was constant over the 

duration of the experiment. 



Summary 

The data clearly indicate that excess heat was generated in each electrolytic cell experiment 

K+/K+ electrocatalytic couple induces the electrons of hydrogen atoms to rela, to a 

byEqs. (1-3). 

No excess heat was observed until K 2 C0 3 replaced by Na 2 C0 3 . For ^ ^™ ^ 
no comparable reaction with a net enthalpy equal to an integer multiple of 27.2 eV is 
possible as given by Eq. (4). 
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